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ABSTRACT 
 
The aim of the work presented in this thesis was to determine the effect of varying 
dietary macronutrient contributions, specifically carbohydrate and fat, on fuel 
utilisation during exercise. 
 
This was first investigated through a systematic review of the literature addressing how 
habitual diets (>4 weeks) with differing fat contributions affect fuel utilisation (fat 
oxidation, carbohydrate oxidation and RER) during aerobic exercise and whether it 
also affects aerobic capacity and endurance performance.   
 
Secondly, a cross-sectional study was conducted to determine the effects of 
carbohydrate on the maximal amount of fat able to be oxidised during exercise in a 
general population, as well as various health measures of participants with 
carbohydrate restriction below recommended dietary guidelines. 
 
The systematic review demonstrated increased fat oxidation during exercise when 
consuming a high fat diet.  There was no improved aerobic capacity or endurance 
performance due to increased dietary fat, and occasionally resulted in decreased 
performance.  The longer the dietary intervention, and the larger the increase in dietary 
fat as well as decrease in dietary carbohydrate resulted in greater increases in fat 
oxidation, larger reductions in RER and was less likely to negatively impact 
performance. 
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The cross-sectional study showed a negative correlation between dietary carbohydrate 
and maximal fat oxidation.  This relationship was stronger when comparing extreme 
carbohydrate restriction to carbohydrate consumption within normal dietary 
guidelines.  Health outcomes were very similar between the two dietary groups. 
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1.2 ABSTRACT 
 
Aims 
This review aimed to investigate the effect of increased dietary fat without 
carbohydrate restoration on fuel utilisation during aerobic exercise and if these 
dietary changes can alter performance.   
 
Method 
A systematic search through five databases was conducted to find studies where the 
diet exposure of the participants was a minimum of one week, with no carbohydrate 
attenuation (without increasing dietary carbohydrate after carbohydrate restriction, 
prior to exercise testing) and fat was >50% of total energy intake.  Studies had to 
include fuel usage measures (respiratory exchange rate, fat oxidation or carbohydrate 
oxidation) via indirect calorimetry or measure performance (aerobic capacity, time 
trial performance or endurance tests). 
 
Results 
For the purposes of this review, only papers with dietary interventions >4 weeks 
were included.  14 papers were included in this review, 11 of which measured fuel 
utilisation during exercise.  The most marked difference was found in the two studies 
that investigated MFO, finding a statistically significant increase in excess of 
0.65g/min in MFO in the higher fat groups (Webster et al., 2016; Volek et al., 2016).  
Reductions in RER during exercise were much less pronounced.  The majority of 
studies found a decline in RER during exercise, however not always at maximal 
intensity and this did not translate into improved performance. 
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Conclusion 
Increasing dietary fat and reducing carbohydrate increased fat oxidation and MFO 
during aerobic exercise and decreased RER.  An increased dietary intervention 
period as well as both increased dietary fat and decreased dietary carbohydrate 
increased the likelihood of observing this change.  There were no improvements in 
maximal aerobic capacity, time trial performance or endurance testing due to 
increased dietary fat consumption.  These papers indicate that increasing dietary fat 
is unlikely to improve exercise performance.  
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1.3 INTRODUCTION 
 
The primary aim of this systematic review is to determine whether increased dietary 
fat without carbohydrate restoration can alter fuel utilisation during exercise, with a 
secondary outcome of whether habitual diet can alter performance. 
 
Historically, fatigue during aerobic exercise has been linked with hypoglycaemia and 
reduced glycogen stores (Hargreaves, 2005).  High carbohydrate feeding has been 
investigated in an attempt to increase glycogen stores and subsequently observe 
improvements in exercise performance (Stellingwerff & Cox, 2014).  However, 
Colombani, Mannhart & Mettler (2013) investigated whether increased carbohydrate 
feeding has an ergogenic effect in real-life scenarios (athlete’s having eaten prior to 
exercise and exercise tests that replicated real life exercise competition scenarios), 
finding a minimal effect of carbohydrate, only present in events >70 minutes. 
 
The importance of muscle glycogen to performance has also lead researchers to 
investigate the interventions that may decrease reliance on muscle glycogen content 
during exercise such that levels may be sustained resulting in improved performance.  
A controversial attempt has been to consume a diet high in fat and low in 
carbohydrates (CHO) (Goedecke et al., 1999; Van Proeyen et al., 2011). Such an 
approach is argued to result in altered fuel utilisation during exercise towards 
enhanced fat oxidation with the resultant carbohydrate sparing effect reducing the 
dependency on glycogen for performance.  Lambert, Speechly, Dennis & Noakes 
(1994) demonstrated an increased endurance capacity in trained cyclists after a high 
fat diet, with a corresponding increase in fat oxidation.  Phinney, Bistrian, Evans, 
Gervino & Blackburn (1983) showed no decrement in endurance performance after 
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exposure to a ketogenic diet, with increased fat oxidation.  There is an obvious 
discrepancy in the results of studies looking at the effects of high fat diets on 
performance, as some studies demonstrate reduced aerobic exercise performance 
(Burke et al., 2017; O’Keeffe, Keith, Wilson & Blessing 1989) and no change in fat 
oxidation (Pogliaghi & Veicsteinas 1999; Fleming et al., 2003).  Reasons for 
discrepancies between studies could include the length of exposure time to a diet and 
the amount of dietary fat (Burke & Hawley, 2002).  The other main consideration is 
dietary fat content.  Phinney et al., (1983) had a high fat diet intervention with 84% 
fat and Lambert, Speechly, Dennis & Noakes (1994) with 70% fat, in comparison to 
55% fat for Pogliaghi et al., (1999) and 61% for Fleming et al., (2003). 
 
Therefore, a systematic search of the literature is required to try and identify a 
potential effect of habitual diet on fuel utilisation during exercise and whether this 
can translate into an improvement in performance.    
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1.4 METHODS 
 
Literature database searches 
The initial systematic search, identification of relevant papers and data extraction 
was conducted in through January 2016 – August 2016.  The search terms were 
repeated in January 2017 to identify any new publications that may have been 
published in 2016. Five databases were used; Web of Science, PubMed, Medline (via 
OvidSP), Scopus, SportDiscus (via Ebsco) for scientific papers published in English 
relating to dietary intake, exercise performance and/or energy expenditure during 
exercise.  All references were managed using reference software (Endnote).  Three 
groups of search terms were searched for in titles, keywords and abstracts; ‘habitual 
diet’, ‘ketogenic’, ‘ketosis’, ‘diet’, ‘carbohydrate’, ‘CHO’, ‘fat’ and  ‘fuel 
utili*ation’, ‘carbohydrate utili*ation’, ’lipid utili*ation’, ‘fat utili*ation’, 
‘carbohydrate oxidation’, ‘lipid oxidation’, ‘fat max’, ‘lipox max’, ‘respiratory 
exchange’, ‘RER’, ‘respiratory quotient’, ‘adaptation’, ‘metabolic response’, 
‘glycogen’ and ‘exercise’, endurance’, ‘aerobic’, ‘power output’. 
 
Inclusion/exclusion criteria 
To be included, populations studied had to be healthy; not overweight or obese, with 
no chronic disease, metabolic diseases, neurological disorders or mental illness.  The 
diet intervention or diet measures needed a diet with >50% macronutrient 
contribution from fat (FAT), lasting for greater than one week without oral glucose 
tolerance tests or carbohydrate (CHO) attenuation (without increasing dietary 
carbohydrate after carbohydrate restriction, prior to exercise testing)  prior to 
exercise measures.  Pre-exercise meals needed to reflect the habitual dietary 
composition of the habitual diet with no supplementation or food during the exercise 
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test.  If fuel utilisation was measured, measures needed to calculate respiratory 
exchange ratio (RER) or fat oxidation from indirect calorimetry.  Exercise testing 
needed to be aerobic and measure maximal aerobic capacity and/or endurance 
performance and/or time trial performance and/or race performance.   
 
Selection of papers 
Duplicates were removed and titles, abstracts and papers evaluated for inclusion 
according to the above criteria as demonstrated in Figure 1.   
 
Papers 
18 studies were identified to match inclusion criteria.  14 of these papers had a 
dietary period greater than four weeks (Fleming et al., 2003, Helge, Richter & Kiens, 
1996; Helge, Wulff & Kiens, 1998; Helge, Watt, Richter, Rennie & Kiens, 2001; 
Helge, 2002; Klement et al., 2013; Lukaski, Bolonchuk, Klevay, Milne & Sandstead, 
2001; Phinney et al., 1983; Pogliaghi et al., 1999; Urbain et al., 2017; Volek et al., 
2016; Vogt et al., 2003; Webster et al., 2016; Zajac et al., 2014).  Four papers had 
dietary periods less than one week (Burke et al., 2017; Jacobs, Paul, Geor, Hinchcliff 
& Sherman, 2004; Lambert et al., 1994; O’Keeffe et al., 1989).  For the purpose of 
investigating our primary outcome, only studies with dietary period greater than four 
weeks were included.  
 
Only the parts of the studies by Helge et al., (1996), Lukaski et al., (2001), Helge et 
al., (1998) and Phinney et al., (1983) which fit within the given criteria are used for 
this paper. 
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The data from the final week of Helge et al., (1996) was not included due to CHO 
attenuation for all participants, decreasing fat content to below 50% of dietary intake.  
The control and only one of the high fat dietary intervention groups in Lukaski et al., 
(2001) were included in this study, as the second high fat group (saturated fat group) 
did not consume the >50% TEE as fat and was therefore excluded from this review.  
Results in Helge et al., (1996), Helge et al., (1998) and Phinney et al., (1983) 
measured prior to the four week mark were not included in this review.  Part of the 
methods and results for Phinney et al., (1983) are published in another paper 
(Phinney, Bistrain, Wolfe & Blackburn, 1983a).  Methodology and results from this 
second paper (Phinney et al., 1983a) are also used in this review. 
 
Data extraction 
Data was extracted from graphs using graph digitising software (GetData Graph 
Digitizer).  Where participant data was presented, average and standard deviation 
was calculated using Microsoft Excel.  If data was presented as mean ± standard 
error mean, standard deviation was calculated.  Dietary energy intake was converted 
into kilocalories if presented in other units.  Ketone values were converted into 
mmol/L if reported in other units.  When there was enough data present to calculate 
parameters not presented in the paper, calculations were conducted and data is 
presented with a & symbol (for dietary macronutrient contribution and relative 
VO2max). 
 
Risk of bias assessment 
Risk of bias assessments for methodological quality were performed using critical 
appraisal tools from the National Institutes of Health (NIH) (Appendix for 
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Systematic Review). These are a series of closed questions appropriate to the study 
design of each included study assessed.  The ratings of ‘yes’, ‘no’ and ‘other’ 
assisted the reviewers in assigning overall quality (risk of bias) judgements of ‘good’ 
(low risk of bias), ‘fair’ (susceptible to some bias) or ‘poor’ (significant risk of bias).   
 
The presence of one or more ‘fatal flaws’ impacted the judgment such the overall 
quality was ‘poor’ irrespective of the rankings assigned to other items.  For this 
review, fatal flaws include; high drop-out rates, no intention to treat analysis without 
good reason, failing to include subject numbers adequately in the results and 
dissimilar or non-controlled training protocols. All assessments were performed at 
the study level.  However, when information was specifically related to outcome 
measures, judgement was made according to our primary outcome, fuel utilization 
(RER).  If this was not measured, the next secondary outcome measured was used to 
inform the assessment. 
 
Presentation of results 
The level of significance in this review is p<0.05.  Data are presented as mean ± 
standard deviation.  For intervention studies with two or more types of intervention, 
the diets with FAT contribution greater than 50% are referred to as the ‘higher fat’ 
group and the dietary intervention with fat contributions less than 50% are referred to 
as ‘lower fat’ diets.  Habitual diets for these groups, if measured, are referred to as 
‘baseline’ diets.  If studies have only one intervention, the intervention is referred to 
as the ‘higher fat’ diet, and if habitual diet is reported, this is referred to as the ‘lower 
fat’ diet. 
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The exact magnitude of changes in fat oxidation and performance is not able to be 
assessed with a meta-analysis due to the high amount of variance between study 
protocols and performance measures. 
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1.5 RESULTS 
 
Quality assessment 
Two of the 14 papers were rated ‘Good’ (Helge et al., 2002; Klement et al., 2013).  
Five were rated as ‘Fair’ (Lukaski et al., 2001; Phinney et al., 1983; Urbain et al., 
2017; Volek et al., 2016; Webster et al., 2016).  The other seven papers were rated as 
‘Poor’ (Fleming et al., 2003; Helge et al., 1996; Helge et al., 1998; Helge et al., 
2001; Pogliaghi et al., 1999; Vogt et al., 2003; Zajac et al., 2014). 
Study design 
Of the 14 papers, 12 were intervention studies (Table 1).  Of these intervention 
studies, three were randomised crossover studies with all participants trialling both 
experimental diets (Lukaski et al., 2001; Vogt et al., 2003; Zajac et al., 2014).  
Lukaski et al., (2001) had a two week washout diet for participants before the 
commencement of the first intervention but no washout in between interventions.  
Vogt et al., (2003) had no washout prior to or in between interventions.  Zajac et al., 
(2014) had one week of subjects eating their habitual diet between interventions.  
One study was a crossover study without randomisation with participants 
participating in two experimental diets (Pogliaghi et al., 1999), where all participants 
consumed their habitual diets for four weeks, followed by the lower fat diet followed 
by the higher fat diet and finally another four weeks of habitual diet with no washout 
between. 
 
Five randomised interventions with participants partaking in one of two experimental 
diets only (Fleming et al., 2003; Helge et al., 1996; Helge et al., 1998; Helge et al., 
2001; Helge, 2002).   Three of the studies had one intervention for all participants 
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(Phinney et al., 1983; Urbain et al., 2017; Klement et al., 2013) and two studies were 
cross-sectional studies (Volek et al., 2016; Webster et al., 2016). 
 
Dietary intervention period 
Dietary period is shown in Table 1.  Diet interventions ranged from four to seven 
weeks.  Volek et al., (2016) measured dietary intake through three day food diaries, 
self-reporting a minimum of nine months on a low carbohydrate diet.  Webster et al., 
(2017) self-reported no dietary changes within the past six months and measured diet 
using interviews and questionnaires. 
 
Energy intake 
No studies were designed to be specifically hyper- or hypocaloric.  All of the higher 
fat diet groups’ energy intake (EI) were not different to the lower fat diet groups 
except for Vogt et al., (2003).  Energy intake was 12% higher in the higher fat group 
than in the lower fat group (Table 1).  All intervention dietary groups in Helge et al., 
(1998; 2001; 2002) consumed more energy in comparison to baseline, but there was 
no difference between the energy intakes of the different intervention groups. 
 
Macronutrient composition of higher fat diets 
The percentage macronutrient contribution of FAT towards total energy intake of the 
higher fat diets ranged from 52.9 to 85% EI (Vogt et al., 2003; Phinney et al., 1983).  
The corresponding CHO contribution towards total energy intake ranged from <3 to 
35.6% EI (Phinney et al., 1983; Pogliaghi et al., 1999).  PRO consumption ranged 
from 15 to 30% EI (Lukaski et al., 2001; Fleming et al., 2003).  Four studies reported 
PRO contribution to be unintentionally different between the higher and lower fat 
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dietary groups (Helge et al., 1996; Helge et al., 1998; Helge et al., 2002; Urbain et 
al., 2017). 
 
Participant characteristics 
241 people in total participated in these studies.  Females were tested in two studies 
(Klement et al., 2013; Urbain et al., 2017) totalling 36 participants (17.6%).  Average 
age for a particular diet group ranged from 20.4 to 37 years. 
 
Fuel utilisation during exercise 
11 studies investigated fuel utilisation during exercise and results are presented in 
Table 2.  10 measured RER (Vogt et al., 2003; Zajac et al., 2014; Pogliaghi et al., 
1999; Fleming 2003; Helge et al., 2001; Helge et al., 1996; Helge et al., 1998; 
Klement et al., 2013; Phinney et al., 1983; Webster et al., 2016), Webster et al., 
(2016) reported both RER and FAT oxidation and Volek et al., (2016) measured both 
RER and MFO, but did not report RER in the lower fat group (Volek 2016). 
 
Vogt et al., (2003), Helge et al., (1996) and Helge et al., (1998) demonstrated a 
decline in average RER across a single submaximal stage test (89, 81 and 80% 
VO2max, respectively).  Helge et al., (2001), Phinney et al., (1983) and Webster et 
al., (2016) also demonstrated a reduction in RER at the measured time points at 68%, 
60-65% VO2max and 55% peak power output, respectively.  Zajac et al., (2014) had 
participants cycle at 85% lactate threshold, detecting no difference in RER at 10 
minutes, but a reduced RER in the higher fat groups at 45 and 90 minutes, with no 
difference when participants then cycled at 115% lactate threshold.  Pogliaghi et al., 
(1999) detected no difference due to diet during a single stage submaximal test at 
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75% VO2max, nor did Fleming et al., (2003) where the participants cycled at 
isokinetic 80rpm.  Multistage submaximal tests were shown to have both a decrease 
in RER (Vogt et al., 2003) and no change (Pogliaghi et al., 1999). 
 
MFO was measured in two cross-sectional studies (Volek et al., 2016; Webster et al., 
2016).  Higher MFO was observed in the higher fat groups in comparison to the 
lower fat group in Volek et al., (2016) (1.54 ± 0.18 g/min, 0.67 ± 0.14 g/min, 
respectively, p < 0.001).  The higher fat group in Webster et al., (2016) also 
demonstrated higher MFO than in the lower fat group (1.21 ± 0.15 g/min, 0.56 ±0.17 
g/min, p < 0.01). 
 
Maximal aerobic testing 
Zajac et al., (2014) demonstrated a reduced VO2max (mL/kg/min), whereas no 
change was found due to diet for all other studies reporting relative VO2max 
(Lukaski et al., 2001; Vogt et al., 2003; Pogliaghi et al., 1999; Fleming et al., 2003; 
Klement et al., 2013; Urbain et al., 2017) (Table 3).  A reduced absolute VO2max 
(L/min) was found in Fleming et al., (2003) and Urbain et al., (2017), whereas no 
change was found in all other studies reporting absolute VO2max (Vogt et al., 2003; 
Helge et al., 1996; Helge t al., 1998; Helge et al., 2001; Helge et al., 2002, Klement 
et al., 2013).  The two cross-sectional studies had similar absolute and relative 
VO2max for both higher and lower fat groups. 
 
Endurance and power performance measures 
Table 4 and 5 present the performance measures.  Submaximal single stage tests to 
fatigue showed no decrease in time to fatigue at 60-65% VO2max (Phinney et al., 
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1983), 75% (Pogliaghi et al., 1999) and 80% (Helge et al., 1998), whereas a decline 
due to diet was found at 70-75% peak work capacity (Lukaski et al., 2001) and 81% 
VO2max (Helge et al., 1996).  Half marathon race time was no different between 
dietary groups in Vogt et al., (2003).  Vogt et al., (2003) and Fleming et al., (2003) 
measured power output over a self-selected maximal power output for 20 minutes 
and isokinetic 80rpm for 40 minutes, respectively.  No difference in power output 
was detected in the 20 minute test.  A reduction in power output was detected at 45 
minutes, but not at 15 and 30 minutes during the isokinetic ride. 
Weight loss, body composition and caloric balance 
Of the twelve longitudinal studies, five adjusted caloric intake to account for any 
weight loss on a regular basis throughout the study (Helge et al., 1996; Helge et al., 
1998; Helge et al., 2001; Helge, 2002; Lukaski et al., 2001).  Helge et al., (2001) and 
Helge (2002) adjusted for calories but had statistically significant weight loss in all 
dietary intervention groups.  These groups were both on intensive training programs 
throughout the study.  Three reported no change in weight (Phinney et al., 1983a; 
Pogliaghi et al., 1983; Vogt et al., 2003).  
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1.6 DISCUSSION 
 
Effect of habitual diet on fuel utilisation during exercise 
This review demonstrated a general trend of decreased RER during graded and single 
stage exercise due to CHO restriction, as well as an increase in MFO with CHO 
restriction.  These effects did not lead to an improvement in maximal aerobic 
capacity, endurance performance or time trials, with occasional reduction in aerobic 
capacity and endurance performance.  Lower dietary CHO and increased dietary fat 
within these studies, as well as increased length of dietary exposure resulted in a 
greater tendency for increases in FAT oxidation. 
 
Fuel utilisation during exercise 
Fleming et al., (2003) and Pogliaghi et al., (1999) were the only two studies to 
demonstrate no change in RER during exercise throughout various stages of the 
maximal aerobic tests and single stage endurance tests.   
 
Role of macronutrient contribution 
The magnitude of dietary fat and restriction of carbohydrate has been previously 
identified to have an effect on fat oxidation (Volek, Phinney & Noakes, 2015).  As 
demonstrated in Figure 2, Pogliaghi et al., (1999) had the highest CHO and lowest 
FAT contribution.  Fleming et al., (2003) also had a lower fat intake than many of the 
studies.  All studies with participants consuming <20% TEE as CHO and >65% TEE 
as FAT reported a reduction in RER or an increase in MFO.  Therefore, it is possible 
that certain CHO and FAT thresholds need to be met in order to observe a 
measurable difference in fuel utilisation. 
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Dietary intake with <20% coincides with recommendations for achieving “nutritional 
ketosis”, defined as plasma beta-hydroxybutyrate concentrations >0.5mmol/L and 
<3.0mmol/L (Volek and Phinney, 2012 p. 91).  Although plasma beta-
hydroxybutyrate was reported to be increased in the higher fat dietary interventions 
of Fleming et al., (2003), Helge et al., (1996), Helge, (2002) and Zajac et al., (2014), 
they did not exceed 0.3mmol/L.  Phinney et al., (1983a), Volek et al., (2016) and 
Webster et al., (2016) detected plasma beta-hydroxybutyrate above 0.5mmol/L as a 
result of higher fat diets.  All studies with ketone levels >0.5mmol/L observed a 
decline in RER (Phinney et al., 1983; Webster et al., 2016) or a marked increase in 
MFO (Volek et al., 2016).  Urinary ketone levels (acetoacetate) were reportedly 
measured in both Klement et al., (2013) and Urbain et al., (2017) with only Klement 
et al., (2013) reporting a nutritional ketosis level; >0.5-16mmol, median 1.5mmol/L.  
Urbain et al., (2017) did not report the levels detected. 
 
Role of dietary period 
A review by Burke and Hawley (2002) illustrated the potential importance of 
increasing dietary exposure time to be able to observe increases in fat oxidation.  
Pogliaghi et al., (1999) and Lukaski et al., (2001) had four week dietary 
interventions.  In contrast, the large differences in MFO between dietary groups in 
the two cross-sectional studies, Webster et al., (2016) and Volek et al., (2016) had a 
minimum of >8 and >9 months, respectively.  MFO rates were higher in Volek et al., 
(2016) which may be explained by the exercise mode, as participants were tested on 
a treadmill which has been shown to elicit higher MFO (Achten,Venables & 
Jeukendrup, 2003). 
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Effect of habitual diet on performance 
 
Maximal aerobic testing 
One study out of seven which reported relative VO2max (mL/kg/min) after an 
intervention reported a decrement (Zajac et al., 2014) and two out of eight studies 
reporting absolute VO2max (L/min) after a dietary intervention observed a decrement 
(Fleming et al., 2003; Urbain et al., 2017).  Fleming et al., (2003) reported weight 
loss in the high fat group (2.2kg) which might explain a decrease in absolute but not 
relative VO2max.  Urbain et al., (2017) also reported weight loss (2.0±1.9kg) after 
the high fat diet, with equal amounts of FM and FFM loss (air displacement 
plethysmography), potentially explaining some decrement in absolute VO2max as 
well.  Zajac et al., (2014) reported a significant reduction in weight as well as body 
composition (measured by bioelectric impedance analysis) with the high fat diet, 
indicating there was not a large decrease in muscle mass.  Once again, dietary 
exposure might also affect performance, as Zajac et al., (2014), Fleming et al., (2003) 
and Pogliaghi et al., (1999) only employed a four week intervention. 
 
Endurance capacity tests 
The endurance tests showed mixed results.  Excluding Lukaski et al., (2001) as there 
was no detected difference in fat oxidation, the only other study finding decrement 
was the endurance test conducted at 81% VO2max (Helge et al., 1996), higher than 
all other submaximal endurance tests. As fat oxidation is shown to decrease with 
increasing % VO2max (Brooks & Mercier, 1999), the effect of manipulating fat 
oxidation may only be beneficial below a certain threshold, as people tend to burn 
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purely carbohydrate, or very little fat, towards maximal efforts (Brooks & Mercier, 
1999). 
 
Adaptations in glycogen stores 
There have been multiple studies trying to alter diet to improve performance, 
specifically increasing CHO intake for example to increase glycogen storage or 
increasing fat to minimise the dependence on glycogen, as a depletion in glycogen is 
attributed as being one of the main causes of fatigue (Hargreaves, 2005).  Helge et 
al., (1996; 1998; 2001) and Webster et al., (2016) reported lower glycogen levels in 
the lower CHO groups.  The higher fat groups of Helge et al., (1996; 2001), Webster 
et al., (2016) and Phinney et al., (1983) demonstrated reduced glycogen breakdown 
during exercise.   One of the most notable findings was the glycogen levels in 
athletes in the FASTER study (Volek et al., 2016).  Volek et al., (2016) reported no 
changes in pre-exercise and post-exercise glycogen levels between dietary groups, 
with similar rates of decrement during exercise and immediately following exercise.  
The similarities between glycogen storage and use during exercise between the two 
dietary groups might be a result of such a long dietary exposure period for the higher 
fat group.  However, Webster et al., (2016) does not confirm these findings of Volek 
et al., (2016) even though participant and dietary characteristics as well as length of 
dietary exposure were very similar between the two studies.  Vogt et al., (2003) also 
found no difference in resting glycogen content, however the high fat diet had the 
second highest carbohydrate content in the study (31%) which might have been 
enough to replenish stores.   
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Weight loss 
 Four studies reported statistically significant weight loss in the higher FAT dietary 
interventions in comparison to the CHO intervention (Fleming et al., 2003; Zajac et 
al., 2014) or in comparison to the baseline higher CHO diet (Klement et al., 2013; 
Urbain 2017).  Vogt et al., (2003) demonstrated no change in weight, however this 
accompanied a 12% increase in calories without weight gain.  Paoli et al., (2012) 
demonstrated body fat loss but not lean muscle mass loss in a group of gymnasts 
doing power training, suggesting that high fat diets could be of use in weight 
restricted sports without affecting performance.  The effect of this diet on body 
composition would need to be examined more thoroughly in implementing high fat 
diets for this particular reason.  Zajac et al., (2014) suggests fat loss with no direct 
measure of muscle mass and Urbain et al., (2017) suggests equal amounts of fat and 
muscle mass lost. 
 
Directions for further research 
To improve upon study designs reviewed in this paper, it is imperative to have use a 
randomised control trial design with a larger sample size, stratifying participants into 
groups or using a crossover design.  Both RER and MFO need to be measured during 
various different workloads, including maximal power output.  Also, a performance 
measure would be useful which replicates real life scenarios, such as a race.  A study 
lasting for eight weeks with measurements at four weeks as well as final 
measurements would be useful to further It would be of interest to see if the large 
changes in MFO between dietary groups observed in Webster et al., (2016) and 
Volek et al., (2016) transfer into untrained populations.  It would also be of interest 
to test the effect of a low carbohydrate, ketogenic diet on ultra-endurance events in 
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professional athletes, as there is a large change due to diet on MFO.  All studies 
investigating these diets need to make sure there is adequate CHO restriction, as well 
as long-term dietary exposure.  Measuring adaptations over this time would be of 
interest as well, including up and down regulation of enzymes relating to fuel 
metabolism, glycogen content and resting metabolic rate.  
 
Conclusion 
Allowing a dietary period for metabolic adaptation, it is possible to reduce RER with 
an increase in FAT oxidation during exercise.  However, the clinical significance of 
this is unknown.  It is possible that adapting to a high fat diet will not impede 
performance, however evidence of high fat, carbohydrate restricted feeding as an 
ergogenic aid at this point is not apparent.   
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1.8 TABLES FOR SYSTEMATIC REVIEW 
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Table 1 – Study design, diet and population 
Study Groups Time 
No., Sex, 
Exercise 
CHO 
(% of EI) 
FAT 
(% of EI) 
PRO 
(% of EI) 
Calories 
(kcal/day) 
Age 
(years) 
Weight 
(kg) 
VO2max 
(L/min) 
VO2max 
(mL/kg/min) 
INTERVENTION – CROSSOVER – RANDOMISED 
Lukaski et 
al., 2001 
PU fat 4wks 
3M Tr 
E: 30 E: 55 E: 15 E: 5083±382 
23.3±5.77
& 
71.0±5.2 4.4& 61.9±6.47& 
CHO 4 wks E: 55 E: 30 E: 15 E: 5083±382 
Vogt et 
al., 
2003 
High fat 5 wks 
11M Tr 
E: 31.4±0.7* E: 52.9±0.7* E: 14.4±0.4 E: 3269±160* 
31.6±2.0 69.1±5.1 4.5±0.07 65.5±1.1 Low fat 5 wks E: 68.2±0.9 E: 16.5±0.6 E: 14.3±0.8 E: 2905±159 
Habitual Hab. H: 53.6±1.5 H: 30.6±1.2 H: 14.4±0.5 H: 3014±105 
Zajac et 
al., 2014 
Low CHO 4 wks 
8M Tr 
E: 15 E: 70 E: 15 
R: 3865±156 28.3±3.9 80.34±7.36  >55 
Mixed diet 4 wks R: 50 R: 30 R: 20 
INTERVENTION – CROSSOVER 
Pogliaghi 
et al., 
1999 
High fat 4 wks 
17M UT 
E: 35.6±2.6 E: 55.1±1.0 E: 12.2±1.0 E: 2805±499 
26.6±2.8 70.0±6.7 2.93 41.9±6.6 Low fat 4 wks E: 74.2±3.2 E: 15.3±1.1 E: 13.6±2.1 
H: 2472±737 
E: 2746±497 
Habitual 4 wks H: 57.0±12.5 H: 29.2±9.2 H: 15.1±7.3 H: 2742±737 
*p < 0.05 between dietary interventions/groups; **p < 0.01 between dietary interventions/groups; ^p < 0.05 within dietary groups, change over time, # calculated from graph 
digitiser, & calculated from information given, Tr = trained, UT = untrained, (train) = training program intervention, H = habitual, E = experimental 
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Table 1 (continued) – Study design, diet and population 
 
Study Groups Time 
No., Sex, 
Exercise 
CHO 
(% of EI) 
FAT 
(% of EI) 
PRO 
(% of EI) 
Calories 
(kcal/day) 
Age 
(Yrs) 
Weight 
(kg) 
VO2max 
(L/min) 
VO2max 
(mL/kg/min) 
INTERVENTION – RANDOMISED 
Fleming 
et al., 
2003 
High-fat 6 wks 10M UT 
H: 48±10 
E: 8±3^ 
H: 32±8 
E: 61±4^ 
H: 17±4 
E: 30±5^ 
H: 2540±590 
E: 2335±375 
36±12 79.2±8.3 3.5±0.49 44.2±2.0 
Mod-high-
CHO 
6 wks 10M UT 
H: 16±2 
E: 59±7 
H: 55±5 
E: 25±8 
H: 29±5 
E: 15±1 
H: 2029±469 
E: 1815±195 
35±13 85.4±12.8 3.84±0.45 46.2±3.8 
Helge et 
al., 1996 
Fat rich 
(train) 
7 wks 10M UT 
H: 53.4±9.2 
E: 22±0.6^* 
H: 39±7.9 
E: 62±1.9^* 
H: 14.3±2.2 
E: 16.5±1.3^* 
H: 2844±452 
E: 3274±228 
27 82 3.7 45& 
CHO rich 
(train) 
7 wks 10M UT 
H: 48.2±5.7 
E: 65±1.6^ 
H: 34.3±5.7 
E: 20.4±1.3^ 
H: 13.2±2.5 
E: 14.6±0.3 
H: 3250±452 
3418±304 
Helge et 
al., 1998 
Fat-rich 
(train) 
4 wks 8M UT 
H: 46.4±5.4* 
E: 21.3±0.6^* 
H: 33.0±7.6 
E: 61.6±0.6^* 
H: 13.8±2.3 
E: 17.7±0.6^* 
H: 3107±608* 
E: 3250±472 
23.9±3.1
* 
75.8±11.3 3.70±0.5 49& 
CHO rich 
(train) 
4 wks 7M UT 
H: 54.6±9.8 
E: 64.4±0.5^ 
H: 28.9±5.3 
E: 20.9±0.2^ 
H: 13.7±1.1 
E: 14.7±0.5^ 
H: 2892±820 
E: 3489±378^ 
20.4±0.9 79.7±12.4 3.81±1.2 48& 
Helge et 
al., 2001 
Fat-rich 
(train) 
7 wks 7M UT 
H: 54.2±9.3 
E: 21.6±0.5^* 
H: 29.1±7.9 
E: 61.7±0.5^* 
H: 14.0±1.1 
E: 16.9±0.5^ 
H: 3179±505 
E:3513±378^ 
27 87 3.9 45& 
CHO rich 
(train) 
7 wks 6M UT 
H: 52.4±9.1 
E: 65.0±1.0 
H: 29.9±7.3 
E: 20.2±0.2 
H: 13.0±1.7 
E: 14.5±1.0 
H: 3322±527 
E: 3633±468 
Helge 
2002 
Fat-rich 
(train) 
7 wks 17M UT 
H: 53.7±8.7 
E: 21.8±0.4^* 
H: 32.3±7.0 
E: 61.6±0.8^* 
H: 14.2±1.6 
E: 16.6±0.4^* 
H: 2988±495 
E: 3370±297^ 
27±4 80.1±9.07 
3.7±0.4 46& 
CHO-rich 
(train) 
7 wks 16M UT 
H: 49.8±7.6 
E: 64.9±0.4^ 
H: 32.3±6.8 
E: 20.3±0.4^ 
H: 13.1±2.4 
E: 14.6±0.4^ 
H: 3274±480 
E: 3489±384^ 
3.8±0.4 47& 
Fat rich 
(control) 
7 wks 8M UT 
H: 48.5±8.2 
E: 21.2±0.6^* 
H: 37.0±7.4 
E: 61.9±0.6^* 
H: 12.8±1.1 
E: 16.7±0.3^* 
H: 3250±608 
E: 3561±540^ 
3.8±0.3 47& 
*p < 0.05 between dietary interventions/groups; **p < 0.01 between dietary interventions/groups; ^p < 0.05 within dietary groups, change over time, # calculated from graph 
digitiser, & calculated from information given, Tr = trained, UT = untrained, (train) = training program intervention, H = habitual, E = experimental 
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Table 1 (continued) – Study design, diet and population 
Study Groups Time 
No., Sex, 
Exercise 
CHO 
(% of EI) 
FAT 
(% of EI) 
PRO 
(% of EI) 
Calories 
(kcal/day) 
Age 
(Yrs) 
Weight 
(kg) 
VO2max 
(L/min) 
VO2max 
(mL/kg/min) 
INTERVENTION 
Phinney et 
al., 1983 
Eucaloric 
balanced 
1 wk 
5M Tr 
1.75g PRO/kgIDW 
remainder 33% FAT, 67% CHO 
2559-3655 22 73.1 5.10±0.18  
Eucaloric 
ketogenic 
4 wks <15 G: 83-85 G: <15 
Klement et 
al., 2013 
Ketogenic 
>5 
wks 
7M Tr 
E: 3.0±0.4 E: 68±5 E: 29±5 
3050±1360 
2030±330 
35 48.5 3.619 52.1 
5F Tr 
Urbain et 
al., 2017 
Pre 6 wks 11M UT  
H: 42.9±6.5 
E: 7.7±2.6* 
H: 41±5.2 
E: 71.6±5.0* 
H: 15.0 
E: 20.9* 
2321±551 37±12 70.3±11.5 2.55±0.68 36.7±8.5 
OBSERVATIONAL – CROSS-SECTIONAL 
Volek et 
al., 2016 
Low-CHO >9mo 10M El H: 10.4±4.9** H: 69.5±6.0**  H: 19.4±2.4** 2884±814 34.1±7.1 68.8±8.2 4.46±0.39 64.7±3.7 
High-CHO >9mo 10M El H: 59.1±10.2 H: 25.0±7.4 H: 14.4±3.5  3174±611 32.9±6.0 66.5±6.8 4.25±0.46 64.3±6.2 
Webster et 
al., 2016 
Low CHO 
high fat 
>8mo 7M Tr H: 7 H: 73 H: 21 2866±296 36±6 78±9 4.683±0.445 61±5 
Mixed >8mo 7M Tr H: 49* H: 34* H: 16 3187±941 32±5 74±8 4.573±0.483 63±8 
*p < 0.05 between dietary interventions/groups; **p < 0.01 between dietary interventions/groups; ^p < 0.05 within dietary groups, change over time, # calculated from graph 
digitiser, & calculated from information given, Tr = trained, UT = untrained, (train) = training program intervention, IDW = Ideal Body Weight (Phinney et al., 1983a), H = 
habitual, E = experimental 
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Table 2 – Fuel utilisation during exercise testing  
Study 
Performance test, mode, time, 
Power output, fed/fasted 
RER in high fat diet group/intervention 
(CO2/O2) 
RER in low fat diet group/intervention 
(CO2/O2) 
INTERVENTION – CROSSOVER – RANDOMISED 
Vogt et al., 
2003 
Submaximal multistage, cycle ergometer 
20, 40, 60, 75% MPO, 10min/stage 
Fed 2hrs prior 
At 20, 40, 60, 75 % MPO 
Wk5: 0.89±0.01, 0.92±0.01, 0.96±0.01, 
1.00±0.01 
At 20, 40, 60, 75 %MPO 
Wk5: 0.97±0.01*, 0.98±0.01*, 0.96±0.01*, 
1.05±0.01* 
Zajac et al., 
2014 
Submaximal multistage, cycle ergometer 
85, 115% lactate threshold, 90, 15mins 
Fasted 
At 10, 45, 90 and max mins 
Wk 4: 0.78±0.02, 0.79±0.02, 0.79±0.02, 
0.94±0.05 
At 10, 45, 90 and max mins 
Wk 4: 0.86±0.04, 0.85±0.04**, 0.84±0.03**, 
0.97±0.05 
Vogt et al., 
2003 
Submaximal single stage, cycle ergometer 
Self-selected max, 20mins 
Fed 2hrs prior 
Average 
1.03±0.01 (at 89%VO2max#) 
Average 
1.06±0.01* (at 89% VO2max#) 
INTERVENTION – CROSSOVER 
Pogliaghi et 
al., 1999 
Maximal aerobic test, cycle ergometer 
60W, ↑30W/4min, to fatigue 
Fed 3hr prior 
At 35-45, 55-65, 75-85 %VO2max 
Wk 0: 0.93, 0.97, 1.02 
Wk 4: 0.92, 0.94, 0.99 
At 35-45, 55-65, 75-85 %VO2max 
Wk 0: (wk 4 of high fat group) 
Wk 4: 0.93, 0.96, 1.01 
Submaximal single stage, to fatigue 
Cycle ergometer, 75% VO2max,  
Fed 3hrs prior 
Average (both groups) 
All: 0.92±0.07 
INTERVENTION – RANDOMISED 
Fleming et 
al., 2003 
Submaximal single stage, 45 mins 
Cycle ergometer, isokinetic 80rpm 
Fed, standardised 
At 15, 30 and 45 mins 
Wk 0: 0.91, 0.91, 0.95 
Wk 6: 0.86^, 0.85^,  0.92 
At 15, 30 and 45 mins 
Wk 0: 0.88, 0.89, 1.00  
Wk 6: 091^, 0.89^, 0.96 
Helge et al., 
2001 
Submaximal single stage, cycle ergometer 
68% VO2max, 60 mins 
Fasted 
At 30-45, 45-60 mins 
Wk 7: 0.86±0.01, 0.86±0.01 
At 30-45, 45-60 mins 
Wk 7: 0.93±0.02*, 0.93±0.02* 
*p < 0.05 between dietary interventions/groups; **p < 0.01 between dietary interventions/groups; ^p < 0.05 within dietary groups, change over time, # calculated from graph 
digitiser, & calculated from information given, H = habitual, E = experimental 
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Table 2 (continued) – Fuel utilisation during exercise testing (continued) 
Study 
Performance test, mode, time, 
Power output, fed/fasted 
RER in high fat diet group/intervention 
(CO2/O2) 
RER in low fat diet group/intervention 
(CO2/O2) 
INTERVENTION – RANDOMISED (continued) 
Fleming et 
al., 2003 
Maximal aerobic test, cycle ergometer 
50W, ↑50W/3min x2, ↑25W/2min to fatigue 
Fed, standardised 
At max 
Wk 0: 1.19±0.02 
Wk 6: 1.13±0.02^ 
At max 
At max Wk 0: 1.14±0.01 
At max Wk 6: 1.14±0.01 
Helge et 
al., 1996 
Submax single stage, cycler ergometer 
81% VO2max to fatigue 
Fasted 
Average 
Wk 0: 0.90±0.02 
Wk 7: 0.82 
Average 
Wk 0: 0.94±0.02 
Wk 7: 0.88* 
Helge et 
al., 1998 
Submax single stage, cycle ergometer 
80% VO2max to fatigue 
Fasted 
Average 
Wk 0: 0.91# 
Wk 4: 0.84#^ 
Average 
Wk 0: 0.94# 
Wk 4: 0.93#* 
INTERVENTION – COHORT 
Klement et 
al., 2013 
Maximal aerobic test, treadmill 
7.5kph, ↑1.5kph/3min to fatigue 
At max 
Wk final: 0.98 
At max 
Wk 0: 1.06* 
Phinney et 
al., 1983 
Submax single stage, cycle ergometer 
60-65% VO2max to fatigue 
 
Average last 30 minutes 
Wk 4: 0.72±0.02 
Average last 30 minutes 
Wk 0: 0.83±0.01** 
OBSERVATIONAL – CROSS-SECTIONAL 
Webster et 
al.,  2016 
Submax single stage cycle ergometer  
Cycle ergometer, 100W below 55% PPO 12mins 
↑ 55%PPO 180mins 
At 90-120 min: 
CS: 0.78±0.02# 
At 90-120 min 
CS: 0.90±0.03** # 
*p < 0.05 between dietary interventions/groups; **p < 0.01 between dietary interventions/groups; ^p < 0.05 within dietary groups, change over time, # calculated from graph 
digitiser, & calculated from information given, H = habitual, E = experimental 
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Table 3 – Maximal aerobic exercise test performance 
Study 
Mode, time, 
Power output, fed/fasted 
VO2max High Fat Group 
(mL/kg/min) 
VO2max Low Fat Group 
(mL/kg/min) 
VO2max High Fat Group 
(L/min) 
VO2max Low Fat Group 
(L/min) 
INTERVENTION – CROSSOVER – RANDOMISED 
Lukaski et al., 
2001 
Cycle ergometer 
Fasted 
Wk 0: 61.9±6.47 
Wk 4: 61.8±6.35 
Wk 0: 61.9±6.47 
Wk 4: 62.3±5.34 
  
Vogt et al., 
2003 
Cycle ergometer 
100W, increase 30W/2min to fatigue 
Fed 2 hours prior 
Wk 0: 65.5±1.1 
Wk 5: 63.6±0.9 
Wk 0: 65.5±1.1 
Wk 5: 63.9±1.2 
Wk 0: 4.538±0.072 
Wk 5: 4.425±0.090 
Wk 0: 4.538±0.072 
Wk 5: 4.425±0.065 
Zajac et al., 
2014 
Cycle ergometer 
80W, increase 40W/3min to fatigue 
Fed 
Wk 4: 59.40±3.10 Wk 4: 56.02±3.50**   
INTERVENTION – CROSSOVER 
Pogliaghi et 
al., 1999 
Cycle ergometer 
60W, increase 30W/4min, to fatigue 
Fed 3hrs prior 
All: 41.9±6.6 All: 41.9±6.6   
INTERVENTION – RANDOMISED 
Fleming et al., 
2003 
Cycle ergometer 
50W, ↑50W/3min x2, ↑25W/2min, to 
fatigue 
Fed 
Wk 0: 44.2±2.0 
Wk 6: 42.8±1.1 
Wk 0: 45.5±3.3 
Wk 6: 45.2±3.6 
Wk 0: 3.50±0.1 
Wk 6: 3.27±0.1^* 
Wk 0: 3.84±0.2 
Wk 6: 3.82±1.6 
Helge et al., 
1996 
Cycle ergometer 
Fasted 
  
Wk 0: 3.58±0.54 
Wk 6.5: 3.99±0.47^ 
Wk 0: 3.72±0.41 
Wk 6.5: 4.09±0.35^ 
Helge et al., 
1998 
Cycle ergometer 
Fasted 
  
Wk 0: 3.70±0.45 
Wk 4: 4.04±0.40^ 
Wk 0: 3.81±1.13 
Wk 4: 4.16±0.58^ 
Helge et al., 
2001 
Cycle ergometer 
Fasted 
  
Wk 0: 3.8±0.3 
Wk 6.5: 4.1±0.3 
Wk 0: 4.1±0.5 
Wk 6.5: 4.4±0.5 
*p < 0.05 between dietary interventions/groups; **p < 0.01 between dietary interventions/groups; ^p < 0.05 within dietary groups, change over time, # calculated from graph 
digitiser, & calculated from information given, H = habitual, E = experimental 
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Table 3 (continued) – Maximal aerobic exercise test performance 
Study 
Mode, time, 
Power output, fed/fasted 
VO2max High Fat Group 
(mL/kg/min) 
VO2max Low Fat Group 
(mL/kg/min) 
VO2max High Fat Group 
(L/min) 
VO2max Low Fat Group 
(L/min) 
INTERVENTION – RANDOMISED (cont.) 
Helge 2002 
Cycle ergometer 
Fasted 
  
Train 
Wk 0: 3.7±0.4 
Wk 7: 4.1±0.4^ 
Control 
Wk 0&7: 3.80±0.1 
Wk 0: 3.8±0.4 
Wk 7: 4.2±0.4^ 
INTERVENTION 
Klement et al., 
2013 
Treadmill,  
7.5kph, ↑1.5kph/3min to fatigue 
 
Wk final: 50.3 Wk 0: 52.1 Wk final: 3.386 Wk 0: 3.619 
Urbain et al., 
2017 
Cycle ergometer 
25W, increase 25W/min to fatigue 
Fasted 
Wk 6: 36.8±9.0 Wk 0: 36.7±8.5 Wk 6: 2.49±0.69* Wk 0: 2.55±0.68 
OVSERVATIONAL – CROSS-SECTIONAL 
Volek et al., 
2016 
Treadmill 3min 3.5mph 
Increase 5% VO2/2min, fasted 4 hrs 
CS: 64.7±3.7 CS: 64.3±6.2 CS: 4.46±0.39 CS: 4.25±0.46 
Webster et al., 
2016 
Cycle ergometer, 100W, ↑20W/1min to 
fatigue 
CS: 61±5 CS: 63±8 CS: 4.683±0.445 CS: 4.573±0.483 
*p < 0.05 between dietary interventions/groups; **p < 0.01 between dietary interventions/groups; ^p < 0.05 within dietary groups, change over time, # calculated from graph 
digitiser, & calculated from information given, CS = cross-sectional, H = habitual, E = experimental 
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Table 4 – Endurance and race performance 
Study 
Performance test, mode, time, power 
output, fed/fasted 
Endurance High Fat Group (min) Endurance Low Fat Group (min) 
INTERVENTION – CROSSOVER – RANDOMISED 
Lukaski et al., 
2001 
Submax single stage, cycle ergometer 
70-75% PWC to fatigue 
Fed 2hrs prior 
Pre: 119.0±5.57& 
Wk 4: 112±2.52& 1 
Pre: 119.0±5.57& 
Wk 4:120.7±5.13& 1 
Vogt et al., 
2003 
Race, outdoors 
Self-selected max, 21km 
Fed 2hrs prior 
Wk 5: 80min12s±86s  Wk 5: 80min24s±82s 
INTERVENTION – CROSSOVER 
Pogliaghi et 
al., 1999 
Submax single stage, cycle ergometer 
75% VO2max to fatigue 
Fed 3hrs prior 
Wk 0: 48.1 
Wk 4: 46.7 
Wk 0: (wk 4 of high fat group) 
Wk 4: 50.1 
INTERVENTION – RANDOMISED 
Helge et al., 
1996 
Submax single stage, cycle ergometer 
81% VO2max to fatigue 
Fasted 
Wk 0: 35.7±3.8 
Wk 7: 65.2±22.8^ 
Wk 0: 35.2±4.5 
Wk 7: 102.4±15.8^* 
Helge et al., 
1998 
Submax single stage, cycle ergometer 
80% VO2max to fatigue 
Fasted 
Wk 0: 29.5±12.2 
Wk 4: 78.5±23.2^ 
Wk 0: 31.7±11.4 
Wk 4: 79.3±40.0^ 
INTERVENTION – COHORT 
Phinney et al., 
1983 
Submax single stage, cycle ergometer 
60-65% VO2max to fatigue 
Fasted 
Wk 4: 151±25 min Wk 0: 147±13 
*p < 0.05 between dietary interventions/groups; **p < 0.01 between dietary interventions/groups; ^p < 0.05 within dietary groups, change over time, # calculated from graph 
digitiser, & calculated from information given, H = habitual, E = experimental 
 
  
35 
 
Table 5 – Timed ride test performance 
Study Performance test, mode, time, power output, fed/fasted Power High Fat Group Power Low Fat Group 
INTERVENTION – CROSSOVER – RANDOMISED 
Vogt et al., 
2003 
Submax single stage, cycle ergometer 
Self-selected max, 20mins 
Fed 2hrs prior 
Average (W) 
Wk 5: 297±7 
Average (W) 
Wk 5: 298±6 
INTERVENTION – RANDOMISED 
Fleming et al., 
2003 
Submax single stage, cycle ergometer 
Isokinetic 80rpm, 45mins (after a wingate test) 
Fed, 2hrs prior  
At 15, 30 and 45mins (kJ/kg) 
Wk 0: 1.4, 3.1, 5.1 
Wk 6: 1.2^, 2.7^, 4.3* 
At 15, 30 and 45mins (kJ/kg) 
Wk 0: 1.5, 3.3, 5.3 
Wk 6: 1.5, 3.3, 5.4 
*p < 0.05 between dietary interventions/groups; **p < 0.01 between dietary interventions/groups; ^p < 0.05 within dietary groups, change over time, # calculated from graph 
digitiser, & calculated from information given, H = habitual, E = experimental 
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1.9 FIGURES FOR SYSTEMATIC REVIEW 
Figure 1 – Adapted PRISMA Flow Diagram for paper selection (Moher et al., 2009) 
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Figure 2 – Dietary FAT and CHO contributions to energy intake 
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1.10 APPENDIX FOR SYSTEMATIC REVIEW 
Appendix 1 Quality Assessment Articles 
Quality Assessment of Controlled Intervention Studies 
1. Lukaski et al., 2001 (VO2 max) 
2. Vogt et al., 2003 (RER) 
3. Zajac et al., 2014 (RER) 
4. Pogliaghi et al., 1999 (RER) 
5. Fleming et al., 2003 (RER) 
6. Helge et al., 1996 (RER) 
7. Helge et al., 1998 (RER) 
8. Helge et al., 2001 (RER) 
9. Helge 2002 (VO2 max) 
 
Quality Assessment of Before-After (Pre-Post) Studies With No Control Group 
1. Phinney et al., 1983 (RER) 
2. Klement et al., 2013 (RER) 
3. Urbain et al., 2017 (VO2 max) 
 
Quality Assessment of Observational Cross-Sectional Studies 
1. Volek et al., 2016 (VO2 max) 
2. Webster et al., 2016 (RER) 
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Appendix 2 Quality Assessment for Controlled Intervention Studies (NIH Quality Assessment of Controlled Intervention Studies Tool) 
 
Lukaski et 
al., 2001 
Vogt et al., 
2003 
Zajac et al., 
2014 
Pogliaghi 
et al., 1999 
Fleming et 
al., 2003 
Helge et 
al., 1996 
Helge et 
al., 1998 
Helge et 
al., 2001 
Helge 2002 
1. Was the study described as randomized, a 
randomized trial, a randomized clinical trial, or 
an RCT? 
Yes Yes Yes No No Yes Yes Yes Yes 
2. Was the method of randomization adequate 
(i.e., use of randomly generated assignment)? NR NR NR No NR No NR NR NR 
3. Was the treatment allocation concealed (so 
that assignments could not be predicted)? NR NR NR No NR No NR NR NR 
4. Were study participants and providers 
blinded to treatment group assignment? No No No No No No No No No 
5. Were the people assessing the outcomes 
blinded to the participants' group assignments? NR NR NR No NR NR NR NR NR 
6. Were the groups similar at baseline on 
important characteristics that could affect 
outcomes (e.g., demographics, risk factors, co-
morbid conditions)? 
Yes Yes Yes Yes Yes Yes Yes Yes Yes 
7. Was the overall drop-out rate from the study 
at endpoint 20% or lower of the number 
allocated to treatment? 
Yes NR NR Yes No NR NR NR Yes 
8. Was the differential drop-out rate (between 
treatment groups) at endpoint 15 percentage 
points or lower? 
Yes NR NR Yes NR NR NR NR Yes 
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Appendix 2 (continued): Quality Assessment for Controlled Intervention Studies (NIH Quality Assessment of Controlled Intervention Studies 
Tool)  
Lukaski et 
al., 2001 
Vogt et al., 
2003 
Zajac et al., 
2014 
Pogliaghi 
et al., 1999 
Fleming et 
al., 2003 
Helge et 
al., 1996 
Helge et 
al., 1998 
Helge et 
al., 2001 
Helge 2002 
9. Was there high adherence to the intervention 
protocols for each treatment group? Yes Yes Yes Yes Yes Yes Yes Yes Yes 
10. Were other interventions avoided or similar 
in the groups (e.g., similar background 
treatments)? 
Yes Yes Yes Yes No Yes Yes Yes Yes 
11. Were outcomes assessed using valid and 
reliable measures, implemented consistently 
across all study participants? 
Yes Yes Yes Yes Yes Yes Yes Yes Yes 
12. Did the authors report that the sample size 
was sufficiently large to be able to detect a 
difference in the main outcome between groups 
with at least 80% power? 
No Yes Yes Yes No No Yes No No 
13. Were outcomes reported or subgroups 
analyzed prespecified (i.e., identified before 
analyses were conducted)? 
CD CD CD CD CD CD CD CD CD 
14. Were all randomized participants analyzed 
in the group to which they were originally 
assigned, i.e., did they use an intention-to-treat 
analysis? 
Yes NR NR No NR NR NR NR Yes 
Overall Rating** Fair Poor Poor Poor Poor Poor Poor Poor Good 
*Rating: Available ratings were yes, no and other (CD, cannot determine; NA, not applicable; NR, not reported). Where a specific outcome measure was 
required for the assessment, VO2 max was used, **Overall Rating: Available ratings were good, fair and poor 
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Appendix 3 Quality Assessment of Before-After (Pre-Post) Studies with no control group (NIH Quality Assessment of Controlled Intervention 
Studies Tool) 
 
 
Phinney et 
al., 1983 
Klement et 
al., 2013 
Urbain et 
al., 2017 
1. Was the study question or objective clearly stated? 
Yes Yes Yes 
2. Were eligibility/selection criteria for the study population pre-specified and clearly described? 
No^ Yes Yes 
3. Were the participants in the study representative of those who would be eligible for the intervention in the 
general or clinical population of interest?  Yes Yes Yes 
4. Were all eligible participants that met the pre-specified entry criteria enrolled?  
NR Yes No 
5. Was the sample size sufficiently large to provide confidence in the findings? 
Yes Yes Yes 
6. Was the intervention clearly described and delivered consistently across the study population? 
No^ Yes Yes 
7. Were the outcome measures pre-specified, clearly defined, valid, reliable, and assessed consistently across 
all study participants? CD CD CD 
8. Were the people assessing the outcomes blinded to the participants' interventions?  
NR NR NR 
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Appendix 3 (continued) Quality Assessment of Before-After (Pre-Post) Studies with no control group (NIH Quality Assessment of Controlled 
Intervention Studies Tool) 
 
 
Phinney et 
al., 1983 
Klement et 
al., 2013 
Urbain et 
al., 2017 
9. Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the 
analysis?  
Yes Yes No 
10. Did the statistical methods examine changes in outcome measures from before to after the intervention? 
Were statistical tests done that provided p values for the pre-to-post changes? 
Yes Yes Yes 
11. Were outcome measures of interest taken multiple times before the intervention and multiple times after 
the intervention? 
No No No 
12. If the intervention was conducted at a group level did the statistical analysis take into account the use of 
individual-level data to determine effects at the group level? 
NA NA NA 
Overall Rating** Fair Good Fair 
*Rating: Available ratings were yes, no and other (CD, cannot determine; NA, not applicable; NR, not reported). Where a specific outcome measure was 
required for the assessment, VO2 max was used, **Overall Rating: Available ratings were good, fair and poor 
 
 
 
 
 
 
 
 
44 
 
Appendix 4 Quality Assessment of Observational Cross-Sectional Studies (NIH Quality Assessment of Controlled Intervention Studies Tool) 
 
 
Volek et al., 
2016 
Webster et al., 
2016 
1. Was the study question or objective in this paper clearly stated? Yes Yes 
2. Was the study population clearly specified and defined? Yes Yes 
3. Was the participation rate of eligible persons at least 50%? NR NR 
4. Were all the subjects selected or recruited from the same or similar populations? Were inclusion and 
exclusion criteria for being in the study prespecified and applied uniformly to all participants? 
Yes Yes 
5. Was a sample size justification, power description, or variance and effect estimates provided? No No 
6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being 
measured? 
No No 
7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and 
outcome if it existed? 
No No 
8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as 
related to the outcome? 
Yes Yes 
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Appendix 4 (continued) Quality Assessment of Observational Cross-Sectional Studies (NIH Quality Assessment of Controlled Intervention 
Studies Tool) 
 
Volek et al., 
2016 
Webster et al., 
2016 
9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented 
consistently across all study participants? 
Yes Yes 
10. Was the exposure(s) assessed more than once over time? No No 
11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented 
consistently across all study participants? 
Yes Yes 
12. Were the outcome assessors blinded to the exposure status of participants? NR No 
13. Was loss to follow-up after baseline 20% or less? NA NA 
14. Were key potential confounding variables measured and adjusted statistically for their impact on the 
relationship between exposure(s) and outcome(s)? 
NA NA 
Overall Rating** Fair Fair 
*Rating: Available ratings were yes, no and other (CD, cannot determine; NA, not applicable; NR, not reported). Where a specific outcome measure was 
required for the assessment, VO2 max was used, **Overall Rating: Available ratings were good, fair and poor 
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2.2 ABSTRACT 
Aim 
The aim of this study was to investigate the effect of carbohydrate (CHO) intake on 
maximal fat oxidation (MFO) during exercise. 
Methods 
117 healthy individuals were recruited and participated in a maximal aerobic test 
with indirect calorimetry measures, as well as anthropometry measures, 24 hour food 
recalls and resting bloods to determine CVD risk factors and blood glucose control. 
Results 
A hierarchical multiple regression attributed 55.3% of variability to sex, age, FFM, 
fat mass, VO2max and age.  Increased fat free mass, VO2max and female sex were 
positively correlated with MFO.  The addition of protein, carbohydrate and fat intake 
(g/day), explained a further 4.0% of variability, predominately due to a negative 
correlation of CHO intake.   
Participants with severe CHO restriction (<20% total energy intake (TEI) as CHO) 
exhibited higher MFO than participants consuming CHO meeting dietary guidelines 
(>45% TEI as CHO) (0.38 ± 0.13 g/min, 0.52 ± 0.24 g/min, respectively, p = 0.020).  
A significant change was not present when stratifying the population into groups 
consuming <130g and >130g of CHO/day.  This change in MFO in the extreme 
groups persisted when a univariate analysis was conducted, accounting for fat free 
mass, age, sex and aerobic fitness (p = 0.035). 
Conclusion 
Reductions of dietary CHO intake resulted in higher MFO in a study recruiting 
general population.  This relationship was more evident with greater CHO restriction. 
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2.3 INTRODUCTION 
 
An increase in an individual’s ability to oxidise fat has been shown to ‘spare’ 
glycogen during aerobic exercise, potentially improving aerobic performance, as a 
depletion of glycogen is linked with fatigue (Holloszy & Coyle, 1984; Hargreaves 
2005).  The highest rate of fat oxidation an individual is able to oxidise is referred to 
as maximal fat oxidation (MFO).  Higher MFO has been shown to correlate with 24-
hour fat oxidation and increased insulin sensitivity (Robinson, Hattersley, Frost, 
Chambers & Wallis 2015).  However, the regulation of fat oxidation is not very well 
understood, as large differences are present between individuals (Goedecke et al., 
2000; Venables, Achten & Jeukendrup, 2005). 
 
The most comprehensive study attempting to explain individual variation in (MFO) 
in the general population was conducted by Venables et al., (2005) where 300 
participants underwent a treadmill exercise test, demonstrating an average MFO of 
0.46±0.01 (range 0.18 to 1.01 g/min).    34% of the inter-individual variation of MFO 
was explained by fat free mass (FFM), fat mass, physical activity, VO2max, and sex, 
with no influence of body composition.  Genetics has also been associated with 
changes in fat oxidation (Jayewardene, Gwinn, Hancock, Mavros, & Rooney, 2014), 
as well as exercising in a fed or fasted state and the composition of pre-exercise 
meals (Van Proeyen et al., 2011).  
 
Many studies investigating the effect of habitual diet on fuel utilisation however have 
employed short duration interventions, ranging from a couple of days to four weeks 
(Burke et al., 2017; Jacobs, Paul, Geor, Hinchcliff & Sherman, 2004; O’Keeffe, 
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Keith, Wilson & Blessing, 1989).  Increases in dietary fat (FAT) have been linked to 
both an increase in fat oxidation rates (Phinney et al., 1983; Webster et al., 2016; 
Volek et al., 2016) and to no change to fat oxidation (Fleming et al., 2003; Pogliaghi 
et al., 1999).  This however, is occasionally accompanied by reduced aerobic 
performance.  The first study which investigated the effect of long term dietary 
adaptation (> 2 months) was conducted by Volek et. al., (2016). 
 
 Volek et al., (2016) demonstrated markedly higher MFO rates of elite ultra-
endurance athletes consuming a low carbohydrate (CHO) diet (1.54 ± 0.18 g/min) 
compared to those consuming a high carbohydrate diet (0.67 ± 0.14 g/min).  Webster 
et al., (2016) conducted a similar study, showing higher MFO in the low CHO group 
(1.21±0.15 g/min) in comparison to the high CHO group (0.56±0.17 g/min) in 
trained individuals.  Randell et al., (2016) conducted a large cross-sectional study of 
1121 athletes to determine a general rate of MFO within the athletic population, with 
an average MFO of 0.59±0.18 g/min.  The high carbohydrate groups in the Volek et 
al., (2016) and Webster et al., (2016) studies both report similar MFO values as that 
reported by Randell et al., (2016).  However, of note, is that low carbohydrate groups 
greatly surpass the reported average MFO in athletes (0.59 ± 0.18 g/min, range 0.17 
– 1.27g/min).  FAT oxidation during submaximal exercise has previously been 
shown to be significantly increased following carbohydrate restriction (see previous 
chapter). 
 
However, the above studies are typically completed in highly trained individuals. It 
is of interest as to whether the effect of habitual diet is observed in general 
populations. A recent study is the first to investigate such a question. Fletcher et al., 
50 
 
(2017) investigated whether there was a change in MFO in the study of 300+ 
participants from a general population, and demonstrated an effect of habitual CHO 
and FAT intake on MFO during an incremental cycle test.  MFO was reported as 
0.55 ± 0.19 g/min.  However, the average CHO intake was 313±104 g/day or  
45.4±9.3% of total energy intake (TEE), indicating that there were not many, or any 
participants with severe carbohydrate restriction similar to that of Phinney et al., 
(1983) Volek et al., (2016) and Webster et al., (2016). 
 
Therefore, the primary aim of this study was to investigate the effect of CHO intake 
(g/day) and contribution toward total energy intake (%EI) on MFO during aerobic 
exercise in the general population.  Specifically, we sought to recruit a range of 
dietary types including individuals who self-reported carbohydrate restriction.  Our 
secondary aim was to investigate the modifiable risk factors for cardiovascular 
disease (CVD) and glucose homeostasis of a carbohydrate restricted population. 
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2.4 METHODS 
 
This study was approved by the University of Sydney Human Research Ethics 
Committee (2015/597).  This study was funded by the Collaborative Research 
Network for Advancing Exercise and Sport Science (CRN-AESS) Research Capacity 
Building Seeding Grant Scheme and a philanthropic donation from Low Carb 
Downunder. A complete Manual of Procedures is available at the CRN-AESS online 
library http://epublications.bond.edu.au/crn_effect/. 
 
Participants 
117 males and females were recruited for this study (Figure 1) from March 2016 to 
March 2017.  Participants were recruited from posters displayed at sporting clubs and 
around the university, social media and word of mouth.  To be eligible for 
participation, participants had to be aged between 18-55 for males and 18-65 for 
females, with a self-assessed relatively consistent diet and weight (+/-3%) for a 
minimum of 6 months prior to testing.  Participants were excluded if they were: 
pregnant; had a diagnosed mental illness; diagnosed asthma; diabetes or 
cardiovascular disease; or if they were on medication for cardiovascular or insulin 
resistance related symptoms.  All volunteers completed an ESSA Adult Pre-exercise 
Screening System (APSS) (ESSA 2011), were informed about the nature of the study 
and gave written consent prior to the commencement of testing. 
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Testing 
Participants were asked to refrain from strenuous exercise and alcohol for the 
preceding 24 hours.  Testing commenced at the University of Sydney Cumberland 
Campus between 0700 and 0930, after a minimum 10 hour fast. 
 
Anthropometry, resting blood pressure and resting heart rate 
Participants were weighed in triplicate on an electronic scale (without shoes and only 
light clothing) to the nearest 10 grams.  Participants’ height was measured in 
triplicate on a stadiometer.  Waist circumference was measured in triplicate.  Body 
composition was determined by Bioelectric Impedance Analysis (BIA) (Quantum X 
Bioelectrical Body Composition Analyser, RJL Systems, USA) using the tetrapolar 
method. Reactance and resistance as determined by BIA were used to determine 
skeletal muscle mass using validated equations (Lukaski, Bolonchuk, Hall & Siders, 
1986; Janssen, Heymsfield, Wang & Ross, 2000). 
 
Blood collection 
One 5mL blood sample was collected into a serum separating tube (Vacuette 5mL Z 
Serum Sep Clot Activator tube, Vacuette, 454028) and clotted for 30-60 minutes.  
Blood samples were centrifuged for 15 minutes at 2000rcf at 4°C, plasma was 
aliquoted into separate tubes and then stored in a -80°C freezer.  St Vincent’s 
Pathology analysed the plasma samples for fasting blood glucose, insulin, 
triglycerides, HDL cholesterol, LDL cholesterol and HDL/total cholesterol ratio. 
Point of care finger prick blood samples were collected for resting blood lactate 
(Lactate Scout, EKF diagnostic, E184489, Germany), glycated haemoglobin 
(HbA1c) (A1cNow+ Multi-test A1C System, PTS Diagnostics, USA) and plasma 
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glucose and ketone (beta-hydroxybutyrate) concentration (Freestyle Optium Neo, 
Abbott, 71364-80, Australia). 
 
Exercise testing 
Participants rode on an electronically braked cycle ergometer (Excalibur Sport V 2.0 
bicycle, Lode BV, Netherlands) with breath by breath expiratory gas analysis 
(TrueOne 2400 metabolic measurement system, Parvo Medics, USA). The metabolic 
system was calibrated prior to each exercise test.  The airflow was calibrated using a 
3L Hans Rudolph calibration syringe (Series 5530, USA).   The gas composition was 
calibrated using standardised gas. 
 
Participants began cycling at 35W for three minutes.  The power output increased by 
35W every three minutes until an RER exceeded 1.00 in the final minute of a stage.  
Power output was then increased by 35W every two minutes.  The exercise test was 
terminated when participants were unable to maintain the work rate for more than 15 
seconds or until volitional exhaustion.  This method is modified from Atchen, 
Gleeson and Jeukendrup (2002) to start at a lower power output, allowing for the 
detection of fat oxidation in both trained and untrained individuals. 
 
Point of care finger prick blood collections were conducted in the final minute of 
each stage before RER exceeded 1.00 for lactate, glucose and ketones, as described 
above. 
 
VO2max was determined by averaging the last minute of the exercise test without a 
decrement in power.  The last minute of each exercise stage was used for calculating 
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fuel oxidation.  VO2 and VCO2 measures were used to calculate FAT and CHO 
oxidation (Frayn, 1983) as shown below (where VO2 and VCO2 are measured in 
litres); 
FAT oxidation = (1.67xVO2) – (1.67xVCO2) 
CHO oxidation = (4.55 x VCO2) – (3.21 x VCO2) 
 
MFO was the highest rate of FAT oxidation in the final minute of a stage.  If 
multiple stages had the same maximal value, the first stage was used.  Fatmax was 
the %VO2max at which MFO occurred.  The crossover was the point at which the 
predominant fuel switched from FAT to CHO, and was determined graphically 
(Brooks & Mercier, 1994). 
 
Nutrition Analysis 
A 24 hour food recall was administered by one of the investigators, listing and 
describing all food intake from 2400 to 2400 the preceding day.  A second 24 hour 
food recall was conducted spontaneously by phone within the six weeks following 
the initial testing date.  Participants also self-reported whether they adhered to a 
specific diet type, for example ‘paleo, ‘vegetarian’, ‘ketongenic’ etc. 
 
The 24 hour food recalls were analysed using Foodworks 8 (Xyris Software) to 
calculate macronutrient contributions towards total energy intake (%EI) and total 
intake (g/day) for CHO, FAT and protein (PRO). 
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Statistics 
Data was analysed using SPSS statistical software package (SPSS24 for Mac and 
SPSS24 for Windows). 
 
Linear regression 
Hierarchical multiple regression was used to identify the effect of diet on MFO in an 
attempt to replicate results reported by Fletcher et al., (2017).  Similar to Fletcher et 
al., (2017), variables previously identified to affect MFO (sex, age, FFM, fat mass, 
VO2max) were used in Step 1 of the regression.  Step 2 added in the diet variables 
(FAT, CHO and PRO (g/day)) to identify the overall effect of habitual diet, and that 
of particular macronutrients.  
 
FFM and PRO (g/day) variables were markedly non-normal (kurtotic) and were 
square-root transformed to render them fit for parametric analysis.  All variables 
were then normalised prior to hierarchical multiple regression.  Initial analysis 
revealed a significant outlying case (with a predicted MFO value more than 3 SDs 
from the mean) and they were removed from the final analysis.  There was no 
multicollinearity, with all variance inflation factors < 3.7 and the condition index < 
4.3.Effect size was calculated by Cohen’s d. 
 
Group comparisons of variables 
Normality was determined through skewness, distribution plots and Schapiro-Wilk 
testing.  Parametric statistics are presented as mean ± standard deviation and non-
parametric statistics are presented median (minimum-maximum).   
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When comparing two different groups, two tailed t-tests were used for parametric 
data and Mann Whitney U tests were used for non-parametric statistics.  Effect size 
was calculated for parametric statistics by Hedge’s g test when significant 
differences were found.  Hedge’s g test was used due to the conservative nature of 
the test and our small sample size.  A small effect size is indicated by g = 0.2, 
medium effect g = 0.5 and large effect size g = 0.8.  The a priori alpha level was set 
at p < 0.05. 
 
Participants were split by carbohydrate intake in two ways for separate analyses. 
The first was separating participants based on CHO intake (g/day), using all 104 
participants for whom complete datasets were available.  The American Institute of 
Medicine Food and Nutrition Board’s Recommended Dietary Allowance (RDA) for 
carbohydrate is 130g (Institute of Medicine, 2005).  Therefore, participants 
consuming less than 130g CHO/day were the ‘<130g CHO’ group, and participants 
consuming >130g CHO/day were the ‘>130g CHO group’.  These two groups were 
also then split into male and female; ‘<130g CHO males’, ‘>130g CHO males’, 
‘<130g CHO females’, ‘>130g CHO females’.  These groups will be referred to as 
All Carbohydrate Contribution (ACC) groups. 
 
The second separate analysis selected participants in the extreme intake ranges, 
therefore not all participants in the study were included in this analysis.  Consuming 
20% TEE as CHO is often classified as ‘low carbohydrate dieting’, therefore this was 
the threshold used for the Low Carbohydrate group (‘LCHO’) (Phinney, Bistrian, 
Evans, Gervino & Blackburn, 1983; Volek et al., 2016).  The Acceptable 
Macronutrient Distribution Ranges (AMDR) from the Australian Dietary Guidelines 
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advises CHO intake between 45-65% of EI, therefore 45% was used for the lower 
threshold of the High Carbohydrate group (‘HCHO’) (National Health and Medical 
Research Council, 2013).  Both the LCHO and HCHO groups were also split by sex 
for further analysis; ‘LCHO males’, ‘LCHO females’, ‘HCHO males’, ‘HCHO 
females’.  These groups will be referred to as Extreme CHO Contribution (ECC) 
groups. 
 
Prior to data collection, by employing an effect size of 0.97, and alpha set of 0.05, a 
required two groups of 24 people were estimated to try and detect a difference in 
MFO due to CHO contribution between the LCHO and HCHO subgroup analysis. 
 
Extreme CHO Consumption Subpopulation Groups – univariate analysis 
Univariate analysis was conducted within the ECC groups to be able to compare the 
effect of CHO intake on MFO with known covariates which have been previously 
shown to affect MFO.   Previously identified factors affecting MFO as covariates 
(VO2max, sex, age) as well as both known factors and participant characteristics 
which were statistically significant between the LCHO and HCHO group were used 
as covariates.  This same analysis was then repeated for males and females. 
 
Extreme CHO Consumption Subpopulation Groups – linear mixed models 
Linear mixed models with repeated measures were used to analyse FAT and CHO 
oxidation and contribution to energy and blood metabolite responses (plasma 
glucose, ketones and lactate) for the first six stages of the maximal exercise test for 
the subgroup participants.  These measures were assessed against power output using 
autoregressive one (AR(1)) covariance structure with CHO group (LCHO or HCHO) 
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and power output as factors, and previously identified factors affecting fuel 
utilisation (age, sex, and aerobic fitness) and statistically significant different group 
characteristics (FFM) as fixed effects/covariates.  Bonferroni was used for post hoc 
analysis. 
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2.5 RESULTS 
 
Whole group analysis – multiple linear regression 
The hierarchical multiple regression results are presented in Table 1.  This 
demonstrated a significant effect of sex, FFM, fat mass and VO2max, accounting for 
53.0% of variance in MFO, with no effect of age (d = 0.38, d = 0.12, d = 0.63, d = 
0.17, d = 0.54, respectively).  Increased FFM, fat mass, VO2max were positively 
correlated with MFO and females had higher MFO. 
The inclusion of macronutrient intakes in Step 2 significantly improved the model fit 
explaining an additional 4.0% variability in MFO.  Of the three macronutrient types, 
only CHO uniquely (and significantly) explained variation in MFO, CHO intake was 
negatively associated with MFO.   
 
ACC Groups – participant characteristics, blood profiles and exercise testing 
On average, participants were aged 35.2± 10.5 years, weighed 72.9 ± 13.5 kg, with a 
VO2max of 43.9 ± 9.1 mL/kg/min with MFO of 0.47±0.21 (see Table 2).  
Participants in the <130g CHO group were older (g = 0.53) and had lower energy 
intakes (g = -0.80).  Macronutrient contribution expressed as % EI differed for CHO, 
FAT and PRO (g = -2.59, g = 2.06, g = 0.94, respectively). Absolute CHO 
consumption (g/day) was lower in the <130g CHO group (g = -2.15) with no change 
observed for fat or protein intake (g/day).  Weight, fat free mass, fat mass, 
percentage body fat, was similar between groups. 
 
Table 3 shows the resting blood profiles of both the <130g and >130g CHO groups. 
At rest, <130g CHO group exhibited higher ketones, lower lactate, lower 
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triglycerides (g = -0.43), higher cholesterol (g = 0.73), higher LDL and a lower 
triglyceride:HDL ratio. 
 
VO2max was lower in the <130g CHO group (g = -0.70) but all other exercise 
parameters demonstrated no difference (see Table 4). 
 
Characteristics of <130g CHO and >130g CHO groups within sex are shown in 
Table 5.  The <130g CHO males were heavier (g = 0.17), had more fat free mass (g = 
0.29), and greater waist circumference (g = 0.64) compared to the >130g CHO 
males.   The only observed difference for any parameter for females was that <130g 
CHO females were significantly older than >130g CHO females (g = 1.23). 
 <130g CHO males had higher plasma ketones, higher LDL and higher non-HDL 
compared to >130g CHO males.   <130g CHO females had lower lactate, higher 
cholesterol (g = 1.14), higher HDL (g = 0.98) and a lower triglyceride:HDL ratio (g 
= -0.47) when compared to >130g CHO females (see Table 6). 
VO2max was lower in <130g CHO males (g = -0.27) and females (g = -0.78) when 
compared to >130g CHO males and females respectively.  No difference was 
observed in MFO, fatmax and crossover for either sex (see Table 7). 
 
ECC Groups – participant characteristics, blood profiles and exercise testing 
Participant characteristics in the LCHO and HCHO groups are presented in Table 8.  
The LCHO group were heavier (g = 0.95) and had higher fat free mass (g = 0.78), 
body fat percentage and fat mass were not significantly different.  The LCHO group 
had higher waist circumference (g = 0.88).  Energy intake was the same between 
groups, but CHO, FAT and PRO intake (g/day) were significantly different (g = -
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7.99, g = 0.08, g = 1.47, respectively) as well as macronutrient contribution for CHO, 
FAT and PRO (g = 3.60, g = 1.19, g = 0.95, respectively). 
 
The LCHO group had higher blood glucose levels, lower triglyceride levels, higher 
plasma LDL, non-HDL, reduced cholesterol:HDL and triglyceride:HDL ratios. 
There was no difference in VO2max or fat max.  The LCHO group had higher MFO 
(g = 0.72) and a higher crossover point (g = 0.91). 
 
After separating by sex and CHO groups, the difference in weight (g = 1.61), fat free 
mass (g = 1.52) and waist circumference (g = 1.49) persisted exclusively within the 
males.  The LCHO females were older than the HCHO females (g = 0.72).  
Macronutrient contribution (%EI) of CHO, FAT and PRO as well as macronutrient 
intake (g/day) of CHO and FAT were significantly different between the HCHO and 
LCHO groups within males and females. 
 
The only significant resting blood level within the males between HCHO and LCHO 
was higher resting ketones.  LCHO females had lower triglycerides (g = -0.34), 
higher HDL and lower triglycerides:HDL ratio (g = 0.000). 
 
The difference in MFO and the crossover point between the HCHO and LCHO 
groups was only observed in males (g = 1.07). 
 
Extreme CHO Consumption Subpopulation Groups – MFO 
There was a significant effect of the carbohydrate intake variable (p < 0.001) and the 
VO2max covariate (p < 0.001) on MFO across all participants in the ECC 
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subpopulation, with no effect of the following covariates; sex (p = 0.731) and age (p 
= 0.772). 
 
With the addition of FFM as a covariate into the univariate analysis, there was still a 
significant effect of carbohydrate intake (p=0.035), VO2max (p = 0.001) as well as 
FFM (p = 0.015) with no effect of sex (p = 0.118) and age (p = 0.778). 
 
 When conducting univariate analysis within the females and males in the subgroup 
analyses, males showed a significant effect of carbohydrate intake (p = 0.015) and 
VO2max (p = 0.009) on MFO but no effect of FFM (p = 0.214) or age (p = 0.541).  
Females however, did not show an effect of carbohydrate intake on MFO (p = 
0.892), FFM (p = 0.072), VO2max (p = 0.074) or age (p = 0.676). 
 
ECC Groups – FAT and CHO oxidation and contribution during exercise 
FAT oxidation (Figure 2) and contribution (Figure 3) were significantly impacted by 
VO2max (p = 0.004, p = 0.004, respectively) and FFM (p = 0.002, p = 0.002, 
respectively).  CHO intake, age and sex had no effect. 
 
CHO oxidation (Figure 4) and contribution (Figure 5) were significantly impacted by 
VO2max (p = 0.004, p = 0.004,) and FFM (p = 0.010, p = 0.02).  There was no effect 
due to carbohydrate intake, age and sex. 
 
RER was significantly influenced by CHO intake (p = 0.00), but not FFM (p = 
0.151), sex (p = 0.477), VO2max (p = 0.090) and age (p = 0.861). 
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ECC Groups – glucose, ketones and lactate during exercise 
Plasma glucose, ketones and lactate were measured against CHO intake, age, 
VO2max, sex and FFM.  Glucose was only influenced by age (p = 0.035).  Ketones 
were only influenced by CHO intake (p = 0.003) and lactate by FFM (p = 0.013). 
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2.6 DISCUSSION 
 
The aim of this study was to investigate the effect of habitual diet on MFO.  We 
specifically targeted recruitment to include self-reported carbohydrate restricted diets 
to test the level of influence of carbohydrate.  We confirmed the role of sex, fitness 
and FFM as well as the recently reported effect of habitual diet.  Importantly we 
report here that the predominant driver for the effect of habitual diet is carbohydrate 
content. 
 
Further, when participants were stratified by absolute carbohydrate content at the 
threshold of 130g/day we observed that those in the <130g CHO group reported 
lower EI.  Further they exhibited higher resting ketones, and cholesterol levels but 
lower triglycerides and lower triglycerides:HDL.  MFO, fatmax and crossover were 
similar between groups despite significantly lower VO2max in the <130g CHO 
group. 
 
When participants were stratified by extreme levels of %EI from carbohydrates the 
LCHO group were larger in size and reported significant differences across all 
macronutrient ranges. Despite a similar VO2max and fatmax, the LCHO group 
exhibited significantly higher MFO. 
 
MFO rates in this study are similar to those previously reported in two large cross-
sectional studies investigating a variety of factors influencing MFO in general 
populations (Table 14) (Venables et al., 2005; Fletcher et al., 2016).  Fletcher et al., 
(2017) conducted a cross-sectional study of 305 participants testing MFO using a 
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similar exercise protocol to that employed in the current study.  A hierarchical 
multiple linear regression accounting for physical activity, fitness, sex, fat mass, fat 
free mass, protein, carbohydrate and fat intake (g/day) attributed 2.6% of the MFO 
variability to dietary CHO (R2 = -0.178) and FAT (R2 = 0.144) combined.  Our study 
has also demonstrated an effect of habitual diet, attributing 4.0% of variance to CHO 
contribution alone with no significant effect of FAT as a much larger sample size 
would have been required to detect the small effect size of FAT reported. 
 
A greater negative effect of CHO on MFO was demonstrated in this study.  The 
greater effect from CHO may be due to the intentional recruitment of individuals 
from low carbohydrate/paleo/ketogenic communities, who restrict CHO below 
current dietary recommendations.  This resulted in an average CHO intake of 33% of 
TEE as carbohydrate (approximately 208g/day), compared to Fletcher et al., (2017), 
with 45% TEE from carbohydrate (approximately 313g/day). 
 
The increase in MFO with CHO restriction was more obviously present in the ECC 
groups.  FAT and CHO consumption (% TEI) in the ECC groups were similar to 
CHO thresholds reported in two other cross-sectional studies investigating the effect 
of CHO on MFO (Table 14) (Volek et al., 2016; Webster et al., 2016).  These studies 
reported higher MFO with reduced CHO in trained populations, however the rates of 
MFO were much higher.  This is most likely due to the fitness of these individual as 
training status has been well identified to increase MFO (Bergman and Brooks, 1999; 
Venables et al., 2005). 
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The magnitude of the difference in MFO between dietary groups in Volek et al., 
(2016) and Webster et al., (2016) were very large in comparison to our study.  The 
combination of increased MFO due to training might possibly increase the 
cumulative response to carbohydrate restricted diets.   
 
Females have been previously identified to have an increased capacity for fat 
oxidation (Venables et al., 2005; Fletcher et al., 2016), but is only present when 
expressed relative to body weight (mg/kgFFM/min).  Our hierarchical linear 
regression which had FFM as a variable confirmed the increase in MFO for females.  
This difference in MFO due to extreme dietary CHO consumption within females 
has not been previously reported.  When a univariate analysis was conducted in this 
population taking into account carbohydrate intake, aerobic fitness, age, FFM and 
sex, there was no effect of sex however.  It is important to note that the sample size 
of females in the ECC groups was only 20, and the total sample including males was 
48. 
 
In addition to changes in MFO, we report here a significant effect of habitual diet on 
RER as previously identified (Chapter 1).  The ECC groups demonstrated a 
difference RER at 105-210W due to diet such that LCHO groups exhibited lower 
RER for a given power output. Interestingly no difference was detected in FAT or 
CHO oxidation per se over the course of the exercise test between groups.  There 
was a reduced sample size as these measures were in the ECC groups and a 
conservative post hoc analysis was used which might have reduced the ability to 
detect differences.  Due to these discrepancies, it would be advisable for further 
studies to measure fat oxidation, MFO and RER. 
67 
 
Blood profile and anthropometry 
One of the main concerns with increased dietary fat is its effect on blood lipid 
profiles.  There were some differences in resting blood profiles between groups, 
however most were still within acceptable ranges.  Another concern with reducing 
carbohydrate intake and increasing dietary fat is weight management.  Despite a 
lower energy intake the LCHO males were heavier than the HCHO males, most 
likely due to the significantly higher FFM of LCHO males.  However, the LCHO 
males did have significantly higher waist circumferences which is linked to higher 
incidence of metabolic disease. 
 
Of note, participants in the LCHO group (which had significantly higher levels of fat 
consumption) had significantly lower energy intake, challenging the idea that high 
density food increases the chance of an overconsumption of calories.  
 
Directions for future research 
This study was limited due to the limited dietary assessment and small sample size 
when stratifying by extreme CHO consumption.  A more rigorous dietary history 
would have allowed for a clearer picture of dietary type, including whether dietary 
FAT or PRO were significantly increased with CHO restriction, as some participants 
self-identified as being ‘low carbohydrate high fat’, ‘low carbohydrate high protein’, 
‘low carbohydrate ketogenic’, ‘ketogenic’ and ‘reduced sugar’.  This would have 
allowed for detecting the effect of multiple changes in various macronutrients. 
Further longitudinal studies are required to determine the exact nature of the link 
between increased MFO and performance benefits, and whether changes in diet 
without changes in training can have a potentially ergogenic effect on performance.  
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An additional exercise test at particular workloads would have been beneficial to be 
able to compare participants at the same relative work rates. 
The healthy blood profile and anthropometry presented by the participants with 
carbohydrate restriction suggests further longitudinal research is required to 
determine whether carbohydrate restriction with an increase in fat is detrimental to 
health or an alternative choice to current recommendations. 
 
Conclusion 
This study demonstrates a difference in MFO due to carbohydrate intake, but there 
was no significant differences detected in FAT and CHO oxidation.  Similarly, 
differences at higher power outputs found in RER did not translate into statistically 
significant differences in FAT and CHO oxidation at the same power outputs.  
Changes in MFO were more apparent with greater CHO restriction (<20% CHO).  
Also, the large differences in MFO detected in trained populations with similar CHO 
restriction (Webster et al., 2016; Volek et al., (2016) were not apparent in this 
general population suggesting that there may be a ceiling effect of diet on MFO 
flexibility that can be surpassed with training. 
 
69 
 
2.7 REFERENCE LIST 
 
Achten, J., Gleeson, M., & Jeukendrup, A. (2002). Determination of the exercise 
intensity that elicits maximal fat oxidation. Medicine and science in sports 
and exercise, 34(1), 92-97.  
Bergman, B., Brooks, G. (1999). Respiratory gas-exchange ratios during graded 
exercise in fed and fasted trained and untrained men. Journal of Applied 
Physiology, 86(2): 479-487. 
Brooks, G., & Mercier, J. (1994). Balance of carbohydrate and lipid utilization 
during exercise: the "crossover" concept. Journal of Applied Physiology, 
76(6), 2253-2261. 
Burke, L. M., Ross, M. L., Garvican-Lewis, L. A., Welvaert, M., Heikura, I. A., 
Forbes, S. G., . . . Hawley, J. A. (2017). Low carbohydrate, high fat diet 
impairs exercise economy and negates the performance benefit from 
intensified training in elite race walkers. J Physiol, 595(9), 2785-2807. 
doi:10.1111/jpn.12629 
Exercise and Sports Science Australia (2011). Adult Pre-exercise Screening Tool. 
Retrieved from https://www.essa.org.au/wp-content/uploads/2011/09/Screen-
tool-version-v1.1.pdf 
Fletcher, G., Eves, F. F., Glover, E. I., Robinson, S. L., Vernooij, C. A., Thompson, 
J. L., & Wallis, G. A. (2017). Dietary intake is independently associated with 
the maximal capacity for fat oxidation during exercise. The American Journal 
of Clinical Nutrition, 105(4), 864-872. 
Frayn, K. (1983). Calculation of substrate oxidation rates in vivo from gaseous 
exchange. Journal of Applied Physiology, 55(2): 628-634. 
Goedecke, J. H., Gibson, A. S. C., Grobler, L., Collins, M., Noakes, T. D., & 
Lambert, E. V. (2000). Determinants of the variability in respiratory 
exchange ratio at rest and during exercise in trained athletes. American 
Journal of Physiology-Endocrinology And Metabolism, 279(6), E1325-
E1334. 
Holloszy, J. O., & Coyle, E. F. (1984). Adaptations of skeletal muscle to endurance 
exercise and their metabolic consequences. Journal of applied physiology, 
56(4), 831-838. 
70 
 
Institute of Medicine, (2005). Dietary Reference Intakes for Energy, Carbohydrate, 
Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids. Washington, 
DC: The National Academies Press. doi:10.17226/10490 
Jacobs, K. A., Paul, D. R., Geor, R. J., Hinchcliff, K. W., & Sherman, W. M. (2004). 
Dietary Composition Influences Short-term Endurance Training-Induced 
Adaptations of Substrate Partitioning during Exercise. International Journal 
of Sport Nutrition and Exercise Metabolism, 14(1), 38-61. 
Janssen, I., Heymsfield, S. B., Wang, Z., & Ross, R. (2000). Skeletal muscle mass 
and distribution in 468 men and women aged 18–88 yr. Journal of applied 
physiology, 89(1), 81-88. 
Jayewardene, A., Gwinn, T., Hancock, D., Mavros, Y., & Rooney, K. (2014). The 
associations between polymorphisms in the CD36 gene, fat oxidation and 
cardiovascular disease risk factors in a young adult Australian population: a 
pilot study. Obesity research & clinical practice, 8(6), e618-e621. 
Lukaski, H., Bolonchuk, W., Hall, C., & Siders, A. (1986). Validation of tetrapolar 
bioelectrical impedance method to assess human body composition. Journal 
of Applied Physiology, 60(4), 1327-1332. 
National Health and Medical Research Council (2013) Australian Dietary 
Guidelines. Canberra: National Health and Medical Research Council. 
Retrieved from 
https://www.eatforhealth.gov.au/sites/default/files/files/the_guidelines/n55_a
ustralian_dietary_guidelines.pdf 
O’Keeffe, K. A., Keith, R. E., Wilson, G. D., & Blessing, D. L. (1989). Dietary 
carbohydrate intake and endurance exercise performance of trained female 
cyclists. Nutrition Research, 9(8), 819-830. doi:10.1016/s0271-
5317(89)80027-2 
Phinney, S., Bistrian, B., Evans, W., Gervino, E., & Blackburn, G. (1983). The 
human metabolic response to chronic ketosis without caloric restriction: 
Preservation of submaximal exercise capability with reduced carbohydrate 
oxidation. Metabolism, 32(8), 769-776. doi:10.1016/0026-0495(83)90106-3 
Randell, R., Rollo, I., Roberts, T., Dalrymple, K., Jeukendrup, A., & Carter, J. 
(2017). Maximal Fat Oxidation Rates in an Athletic Population. Med & 
Science in Sports & Exercise, 49, 133-140. 
71 
 
Robinson, S. L., Hattersley, J., Frost, G. S., Chambers, E. S., & Wallis, G. A. (2015). 
Maximal fat oxidation during exercise is positively associated with 24-hour 
fat oxidation and insulin sensitivity in young, healthy men. Journal of 
Applied Physiology, 118(11), 1415-1422. 
doi:10.1152/japplphysiol.00058.2015 
Van Proeyen, K., Szlufcik, K., Nielens, H., Deldicque, L., Van Dyck, R., Ramaekers, 
M., & Hespel, P. (2011). High-fat diet overrules the effects of training on 
fiber-specific intramyocellular lipid utilization during exercise. Journal of 
Applied Physiology, 111(1), 108-116. doi:10.1152/japplphysiol.01459.2010 
Venables, M. C., Achten, J., & Jeukendrup, A. E. (2005). Determinants of fat 
oxidation during exercise in healthy men and women: a cross-sectional study. 
Journal of applied physiology, 98(1), 160-167. 
doi:10.1152/japplphysiol.00662.2003 
Volek, J., Freidenreich, D., Saenz, C., Kunces, L., Creighton, B., Bartley, J., . . . 
Phinney, S. (2016). Metabolic characteristics of keto-adapted ultra-endurance 
runners. Metabolism: Clinical & Experimental, 65(3), 100-110. 
Webster, C. C., Noakes, T. D., Chacko, S. K., Swart, J., Kohn, T. A., & Smith, J. A. 
H. (2016). Gluconeogenesis during endurance exercise in cyclists habituated 
to a long-term low carbohydrate high-fat diet. Journal of Physiology, 594(15), 
4389-4405. doi:10.1113/JP271934 
 
 
72 
 
2.8 TABLES FOR MANUSCRIPT 
 
Table 1 Hierarchical multiple regression 
Step and model statistics (n = 104)  
Independent variables Standardised coefficient (95%CI) 
1.  Finc(5,98) = 24.249, p < 0.001, R2 change = 55.3% (overall adjusted R2 = 
53.0%) 
Sex -0.382 (-0.624, -0.140)* 
Age (years) 0.124 (-0.014. 0.262) 
FFM (%) 0.634 (0.414, 0.854)* 
Fat mass (%) 0.169 (0.028, 0.309)* 
VO2max (mL/kg/min) 0.536 (0.364, 0.709)* 
2.  Finc(3,95) = 3.110, p < 0.05, R2 change = 4.0% (overall adjusted R2 = 55.9%) 
Sex -0.315 (-0.566, -0.063)* 
Age (years) 0.089 (-0.051, 0.229) 
FFM (%) 0.514 (0.286, 0.741)* 
Fat mass (%) 0.148 (0.009, 0.287)* 
VO2max (mL/kg/min) 0.596 (0.420, 0.772)* 
FAT (g/day) 0.056 (-0.109, 0.220) 
CHO (g/day) -0.220 (-0.376, -0.064)* 
PRO (g/day) 0.061 (-0.127, 0.249) 
Sex; females = 1, males = 2 
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Table 2 Characteristics of ACC groups 
Measure 
All 
(n=104) 
>130g CHO 
(n=73) 
<130g CHO 
(n= 31) 
p value 
Age (yrs) 35.24±10.54 33.46±10.50 39.81±9.36 0.015 
Weight (kg) 72.95±13.51 71.22±11.86 77.42±16.46 0.190 
Fat free mass (kg) 56.17±11.88 55.08±10.67 58.97±14.41 0.382 
Fat mass (kg) 16.78 (5.82-47.78) 16.14±4.77 17.72 (8.31-47.78) 0.3841 
Body fat % 23.12±6.46 22.80±6.09 22.77 (13.01-44.63) 0.7141 
Waist circ. (cm) 80.62±7.90 79.42±6.97 83.70±9.35 0.080 
Energy intake (kJ) 10926±3380 11701±3181 8930±3094 <0.001 
CHO (%EI) 33.84±13.52 40.07±8.98 17.80±9.41 <0.001 
CHO (g/day) 213.18±111.25 264.17±85.70 81.78±35.13 <0.001 
FAT (%EI) 42.57±11.37 37.98±8.11 54.38±10.04 <0.001 
FAT (g/day) 126.02±50.44 121.88±44.29 
128.70 (52.70-
279.25) 
0.3711 
PRO (%EI) 21.94±6.03 20.70±4.86 25.13±7.53 0.002 
PRO (g/day) 135.09±50.80 
134.15 (53.95-
342.65) 
126.04±47.50 0.5511 
1 Mann-Whitney U test, Waist circ. = waist circumference 
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Table 3 Resting bloods of ACC groups 
 
All 
(n=104) 
>130g CHO 
(n= 73) 
<130g CHO 
(n= 31) 
p value 
Lactate 
(mmol/L) 
1.40 (0.80-2.90) 1.40 (0.90-2.90) 1.25 (0.80-2.40) 0.0041 
Glucose 
(mmol/L) 
4.96±0.69 4.90 (2.90-6.10) 5.00 (4.10-8.40) 0.1551 
Ketones 
(mmol/L) 
0.20 (0.00-0.90) 0.18±0.09 0.30 (0.10-0.90) <0.0011 
Triglycerides 
(mmol/L) 
0.70 (0.30-1.60) 0.81±0.28 0.67±0.22 0.024 
Cholesterol 
(mmol/L) 
4.92±1.13 4.69±1.05 5.52±1.13 0.004 
LDL 
(mmol/L) 
2.50 (1.30-5.70) 2.40 (1.30-5.70) 3.13±1.08 0.0221 
Non-HDL 
(mmol/L) 
2.90 (1.50-6.40) 2.80 (1.50-6.40) 3.44±1.12 0.0511 
HDL 
(mmol/L) 
1.88±0.54 1.80±0.52 2.08±0.57 0.053 
Chol:HDL 
(ratio) 
2.60 (1.70-6.50) 2.60 (1.70-6.50) 2.82±0.87 0.7911 
Triglycerides:HDL 
(ratio) 
0.42 (0.12-1.63) 0.46 (0.15-1.63) 0.30 (0.12-1.18) 0.0211 
HbA1c 
(mmol/L) 
5.19±0.35 5.20±0.36 5.17±0.32 0.345 
Insulin 
(uI/L) 
4.90 (1.90-16.10) 4.90 (1.90-16.10) 5.01±1.87 0.5161 
HOMA 
(score) 
1.05 (0.31-3.58) 1.08 (0.31-3.58) 1.19±0.59 0.6651 
1 Mann-Whitney U test 
  
75 
 
Table 4 Exercise test results of ACC groups 
Measure 
All 
n=104 
>130g CHO 
n= 73 
<130g CHO 
n= 31 
p value 
VO2max 
(mL/kg/min) 
43.92±9.12 45.73±9.07 39.27±7.63 0.001 
MFO 
(g/min) 
0.47±0.21 0.46±0.20 0.48±0.23 0.916 
Fatmax 
(%VO2max) 
42.75±12.08 43.72±12.84 40.27±9.61 0.203 
Crossover 
(%VO2max) 
48.17±12.75 46.85±13.24 51.56±10.89 0.188 
1 Mann-Whitney U test 
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Table 5 Characteristics of ACC groups, split by sex 
 Males Females 
 
>130g CHO 
n=46 
<130g CHO 
n=17 
p 
value 
>130g CHO 
n=27 
<130g CHO 
n=14 
p value 
Age 
(yrs) 
36.80±10.14 39.07±8.90 0.495 28.19±8.91 40.67±34.18 0.004 
Weight 
(kg) 
77.60±9.01 88.06±8.15 0.007 61.16±8.35 
62.86 (46.52-
107.07) 
0.3721 
FFM 
(kg) 
61.68±7.44 70.25±8.60 0.008 44.69±5.32 45.80±5.78 0.727 
Fat mass 
(kg) 
15.92±4.46 17.80±3.74 0.476 16.47±5.31 
16.80 (8.31-
47.78) 
0.4751 
Body fat 
(%) 
20.40±4.91 20.34±4.44 0.624 26.57±5.93 28.15±8.09 0.391 
Waist 
circ. 
(cm) 
83.08±5.49 89.09±4.99 0.003 73.66±4.87 
76.55 (66.70-
104.60) 
0.2481 
EI 
(kJ/day) 
13180±2867 10236±3428 0.009 9368±2079 7407±1779 0.005 
CHO 
(%EI) 
38.41±8.91 16.54±8.17 0.000 42.68±8.61 19.27±10.86 <0.001 
CHO 
(g/day) 
289.40±89.92 85.02±31.24 0.000 
217.4 
(131.75-
406.75) 
77.99±40.28 <0.0011 
FAT 
(%EI) 
38.32±7.64 54.68±9.28 0.000 37.45±8.93 54.04±11.27 <0.001 
FAT 
(g/day) 
137.81±42.67 158.55±73.20 0.183 96.75±34.54 111.17±38.56 0.193 
PRO 
(%EI) 
21.93±5.12 25.90±6.85 0.015 18.76±3.76 24.24±8.46 0.035 
PRO 
(g/day) 
162.3 (80.50-
342.65) 
148.63±46.74 0.7921 100.41±28.17 99.70±33.78 0.999 
1 Mann-Whitney U test, FFM = fat free mass, Waist circ. = waist circumference, EI = energy intake 
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Table 6 Resting bloods of ACC groups, split by sex 
 Males Females 
 
>130g CHO 
n=46 
<130g CHO 
n=17 
p 
value 
>130g CHO 
n=27 
<130g CHO 
n=14 
p value 
Lactate 
(mmol/L) 
1.30 (0.90-
2.60) 
1.25 (1.00-
2.10) 
0.0581 1.70±0.53 
1.36 (0.80-
2.40) 
0.0151 
Glucose 
(mmol/L) 
5.08±0.45 
5.25 (4.90-
8.40) 
0.0421 4.55±0.71 4.79±0.41 0.186 
Ketones 
(mmol/L) 
0.17±0.76 
0.30 (0.10-
0.90) 
0.0001 0.21±0.10 
0.20 (0.10-
0.70) 
0.1951 
Triglycerides 
(mmol/L) 
0.86±0.29 0.73±0.23 0.168 
0.65 (0.40-
1.60) 
0.55 (0.40-
1.00) 
0.0881 
Cholesterol 
(mmol/L) 
4.88±1.12 5.69±1.03 0.055 4.39±0.85 5.32±0.19 0.022 
LDL 
(mmol/L) 
2.50 (1.30-
5.70) 
3.51±0.98 0.0251 2.22±0.51 
2.35 (1.70-
5.30) 
0.2151 
Non-HDL 
(mmol/L) 
2.90 (1.50-
6.40) 
3.86±1.00 0.0321 2.54±0.54 
2.70 (2.00-
5.60) 
0.2831 
HDL 
(mmol/L) 
1.78±0.53 1.84±0.49 0.912 1.85±0.51 2..37±0.53 0.012 
Cholesterol:HDL 
2.70 (1.80-
6.50) 
3.27±0.90 0.2311 2.45±0.38 2.29±0.46 0.579 
TG:HDL 
0.50 (0.15-
1.63) 
0.39 (0.17-
1.18) 
0.3571 0.42±0.17 0.27±0.11 0.009 
HbA1c 
(mmol/L) 
5.23±0.38 5.21±0.31 0.520 5.16±0.32 5.13±0.35 0.555 
Insulin 
(uI/L) 
5.00 (2.20-
16.10) 
4.85±1.68 0.5961 
4.90 (1.90-
13.60) 
5.19±2.13 0.7731 
HOMA 
1.08 (0.41-
3.58) 
1.03 (0.63-
3.21) 
0.6991 
1.05 (0.31-
3.02) 
1.12±0.49 0.7831 
1 Mann-Whitney U test 
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Table 7 Exercise test results of ACC groups, split by sex 
 Males Females 
 
>130g CHO 
(n=46) 
<130g CHO 
n=17 
p value 
>130g CHO 
n=27 
<130g CHO 
n=14 
p value 
VO2max 
(mL/kg/min) 
49.88±8.37 43.65±6.67 0.004 39.17±5.65 34.17±5.19 0.032 
MFO 
(g/min) 
0.52±0.20 0.59±0.21 0.401 
0.34 
(0.16-0.85) 
0.33±0.11 0.5271 
Fatmax 
(%VO2max) 
44.10±13.33 42.19±12.05 0.440 43.10±12.26 38.02±5.33 0.319 
Crossover 
(%VO2max) 
44.92±13.24 53.48±11.81 0.151 49.91±12.91 49.32±9.72 0.802 
1 Mann-Whitney U test 
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Table 8 Characteristics of ECC groups 
 
All 
n=48 
HCHO 
n=25 
LCHO 
n=23 
p value 
Age 
(yrs) 
35.48±10.76 33.72±11.88 37.39±9.27 0.237 
Weight 
(kg) 
73.76±14.44 67.77±10.04 80.26±15.82 0.003 
FFM 
(kg) 
56.19±12.38 51.85±9.09 60.91±13.87 0.012 
Fat mass 
(kg) 
16.83 (8.74-47.78) 16.23 (10.14-22.08) 18.47 (8.74-47.78) 0.0511 
Body fat % 
(%) 
23.94±6.06 23.95 (14.35-31.37) 23.36 (12.79-44.63) 0.8361 
Waist circ. 
(cm) 
81.41±8.40 78.14±6.29 84.97±9.07 0.005 
EI 
(kJ) 
10836±3492 11551±3697 10059±3151 0.139 
CHO 
(%EI) 
31.5±19.2 49.19±3.76 12.33±5.40 <0.001 
CHO 
(g/day) 
201.5±146.5 322.13±95.74 70.41±36.78 <0.001 
FAT 
(%EI) 
44.1±15.7 31.08±5.16 58.33±9.52 <0.001 
FAT 
(g/day) 
129.4±61.7 99.07±40.97 162.39±64.21 <0.001 
PRO 
(%EI) 
22.5±7.1 18.51±4.08 26.94±7.09 <0.001 
PRO 
(g/day) 
133.8±48.7 120.53±44.43 148.22±49.91 0.049 
1 Mann-Whitney U test, FFM = fat free mass, Waist circ. = waist circumference, EI = energy intake 
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Table 9 Resting bloods of ECC groups 
 All 
HCHO 
n=25 
LCHO 
n=23 
p value 
Lactate 
(mmol/L) 
1.51±0.46 1.62±0.47 1.20 (0.80-2.40) 0.4071 
Glucose 
(mmol/L) 
5.00 (2.90-8.40) 4.95 (2.90-6.10) 5.00 (4.20-8.40) 0.0101 
Ketones 
(mmol/L) 
0.20 (0.10-0.90) 0.15 (0.10-0.40) 0.30 (0.10-0.90) 0.7441 
Triglycerides 
(mmol/L) 
0.70 (0.40-1.60) 0.75 (0.40-1.60) 0.60 (0.40-1.30) 0.0031 
Cholesterol 
(mmol/L) 
4.99±1.18 4.60 (3.30-7.40) 5.44±1.20 0.2021 
LDL 
(mmol/L) 
2.40 (1.70-5.30) 2.35 (1.70-4.70) 3.13±1.14 0.0251 
HDL 
(mmol/L) 
1.88±0.59 1.77±0.55 2.01±0.63 0.085 
Non-HDL 
(mmol/L) 
3.11±1.02 2.65 (2.00-5.10) 3.43±1.18 0.0121 
Chol:HDL ratio 2.82±0.79 2.75±0.67 2.91±0.93 <0.001 
Triglycerides:HDL 0.44 (0.12-1.27) 0.46 (0.27-1.27) 0.320 (0.12-1.18) 0.0041 
HbA1c 
(mmol/L) 
5.15±0.30 5.20±0.26 5.09±0.35 0.353 
Insulin 
(uI/L) 
5.40 
(2.20-13.60) 
6.33±2.76 5.14±2.08 0.263 
HOMA 1.34±0.66 1.42±0.65 1.04 (0.52-3.21) 0.9721 
1 Mann-Whitney U test 
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Table 10 Exercise test results of ECC groups 
 
All 
n=48 
HCHO 
n=25 
LCHO 
n=23 
p value 
VO2max 
(mL/kg/min) 
42.2±9.1 44.11±9.46 40.11±8.36 0.127 
MFO 
(g/min) 
0.42 (0.17-1.17) 0.38±0.13 0.52±0.24 0.020 
Fatmax 
(%VO2max) 
40.4±10.6 40.36±10.82 40.46±10.52 0.976 
Crossover 
(%VO2max) 
47.5±14.2 41.80±13.89 53.64±11.91 0.003 
1 Mann-Whitney U test 
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Table 11 Characteristics of ECC groups, split by sex 
 Males Females 
 
HCHO 
n=14 
LCHO 
n=14 
p 
value 
HCHO 
n=11 
LCHO 
n=9 
p value 
Age 
(yrs) 
38.93±12.83 36.21±7.71 0.505 27.09±6.22 39.22±11.56 0.015 
Weight 
(kg) 
74.34±7.24 88.25±9.88 0.000 59.40±6.06 
62.14 (54.64-
107.07) 
0.1381 
FFM 
(kg) 
58.15±6.04 69.95±9.13 0.001 43.83±4.98 
44.43 (42.71-
59.28) 
0.3821 
Fat mass 
(kg) 
16.19±3.59 18.30±4.33 0.171 15.58±2.85 
16.69 (11.69-
47.78) 
0.3051 
Body fat 
(%) 
21.73±4.10 20.77±4.66 0.566 26.23±3.92 29.54±8.09 0.285 
Waist 
circ. 
(cm) 
81.70±4.75 89.12±5.21 0.001 73.61±5.04 
78.51 (69.80-
104.60) 
0.3231 
EI 
(kJ) 
13661±3097 11589±2982 0.083 
8229 (6591-
15197) 
7680±1549 0.5691 
CHO 
(%EI) 
48.48±3.47 12.67±5.28 0.000 50.09±4.08 11.80±5.85 <0.001 
CHO 
(g) 
378.05±75.36 80.74±37.44 0.000 
229.50 
(194.10-
406.75) 
54.34±31.07 <0.0011 
FAT 
(%EI) 
31.42±5.12 57.55±8.63 0.000 30.65±5.44 59.55±11.19 <0.001 
FAT 
(g) 
117.74±40.31 185.82±67.59 0.004 75.31±28.42 125.94±38.21 0.005 
PRO 
(%EI) 
18.66±4.78 27.17±6.06 0.000 18.31±3.17 26.58±8.85 0.024 
PRO 
(g) 
143.38±44.79 
155.33 
(129.65-
274.70 
0.1831 
82.90 (69.60-
133.50) 
123.30 
(57.80-
132.20) 
0.0951 
1 Mann-Whitney U test, FFM = fat free mass, Waist circ. = waist circumference, EI = energy intake 
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Table 12 Resting bloods of ECC groups, split by sex 
 Males Females 
 
HCHO 
n=14 
LCHO 
n=14 
p 
value 
HCHO 
n=11 
LCHO 
n=9 
p value 
Lactate 
(mmol/L) 
1.63±0.46 
1.30 (1.10-
2.10) 
0.087 1.60±0.51 1.30±0.53 0.119 
Glucose 
(mmol/L) 
5.16±0.53 
5.15 (4.40-
8.40) 
0.4881 
4.90 (2.90-
5.50) 
4.89±0.44 0.8481 
Ketones 
(mmol/L) 
0.14±0.05 
0.30 (0.10-
0.90) 
0.0011 
0.20 (0.10-
0.40) 
0.34±0.24 0.2081 
Triglycerides 
(mmol/L) 
0.94±0.27 0.73±0.25 0.065 
0.70 (0.40-
1.60) 
0.49±0.09 0.0181 
Cholesterol 
(mmol/L) 
4.93±1.19 5.51±1.06 0.285 4.28±0.83 5.33±1.48 0.070 
LDL 
(mmol/L) 
2.40 (1.90-
4.70) 
3.45±0.99 0.1361 2.18±0.43 
2.10 (1.70-
5.30) 
0.5401 
Chol:HDL 2.99±0.81 3.35±0.85 0.407 2.46±0.27 
2.00 (1.70-
3.20) 
0.2531 
Non-HDL 
(mmol/L) 
2.90 (2.30-
5.10) 
3.80±1.00 0.1501 2.53±0.48 
2.30 (2.00-
5.60) 
0.7021 
HDL 
(mmol/L) 
1.78±0.64 1.71±0.40 0.770 1.75±0.43 2.53±0.63 0.021 
Triglycerides:HD
L 
0.59±0.27 
0.46 (0.17-
1.18) 
0.2741 0.43±0.14 0.21±0.94 0.011 
HbA1c 
(mmol/L) 
5.27±0.28 5.09±0.32 0.058 5.12±0.21 5.10±0.42 0.677 
Insulin 
(uI/L) 
5.80±1.59 4.81±1.81 0.161 6.95±3.70 5.70±2.54 0.282 
HOMA 1.34±0.41 
1.03 (0.53-
3.21) 
0.1151 1.52±0.88 1.25±0.57 0.317 
1 Mann-Whitney U test 
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Table 13 Exercise test results of ECC groups, split by sex 
 Males Females 
 
HCHO 
n=14 
LCHO 
n=14 
p value 
HCHO 
n=11 
LCHO 
n=9 
p value 
VO2max 
(mL/kg/min) 
49.02±8.97 44.17±6.70 0.118 37.87±5.80 33.79±6.76 0.172 
MFO 
(g/min) 
0.41±0.14 0.62±0.23 0.010 0.34±0.10 0.36±0.17 0.739 
Fatmax 
(%VO2max) 
39.72±10.95 40.96±12.11 0.780 41.18±11.13 39.68±8.06 0.732 
Crossover 
(%VO2max) 
36.32±13.70 53.31±11.89 0.002 48.78±11.11 54.16±12.65 0.332 
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Table 14 Summary of similar cross-sectional studies 
Study Group MFO (g/min) VO2max 
(mL/kg/min) 
Venables et al., 
2003 
General population, no diet 
measurements 
0.46±0.01 46.3±0.7 
Fletcher et al., 
2017 
General population, no major 
carbohydrate restriction 
0.55±0.19 49.9±8.0 
Volek et al., 2016 Trained, <20% CHO 1.54 ± 0.18 64.7±3.7 
Trained, >55% CHO 0.67 ± 0.14 64.3±6.2 
Webster et al., 
2016 
Trained, <10% / <50g CHO 1.21±0.15 61±5 
Trained, >50% / >350g CHO 0.56 ± 0.17 63±8 
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3.9 FIGURES FOR MANUSCRIPT 
Figure 1 Participant recruitment 
 
 
 
 
 
 
 
 
 
  
Expressions of interest 
(n = 228) 
Excluded from study (n=111); 
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Attended laboratory 
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(n = 104) 
Data excluded (n = 13); 
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Figure 2 Fat oxidation during the VO2max test in LCHO and HCHO groups 
 
 
 
Figure 3 CHO oxidation during the VO2max test in LCHO and HCHO groups 
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Figure 4 Fat contribution during the VO2max test in LCHO and HCHO groups 
 
 
 
Figure 5 CHO contribution during the VO2max test in LCHO and HCHO groups 
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Figure 6 RER during the VO2max test in LCHO and HCHO groups 
 
 
 
Figure 7 Blood glucose during the VO2max test in LCHO and HCHO groups 
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Figure 8 Blood ketones (beta-hydroxybutyrate) during the VO2max test in LCHO 
and HCHO groups 
 
 
 
Figure 8 Blood lactate during the VO2max test in LCHO and HCHO groups 
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3.0 CONCLUSION 
 
This thesis has demonstrated a link between habitual fat as well as carbohydrate 
consumption and fuel utilisation during aerobic exercise.  In particular, an increase in 
fat oxidation and decrease in RER is driven by carbohydrate restriction moreso than 
increasing dietary fat intake.  The systematic review and cross-sectional study have 
demonstrated two important factors which affect this relationship.   
 
The first is the importance of exposure length to dietary changes.  As the general 
population consume a high carbohydrate diet, exposure to a high fat diet takes time 
to adapt.  The second is the need for severe carbohydrate restriction (<20%) to really 
see change in fat oxidation rates.  Additionally, this large change in carbohydrate 
consumption is less likely to reduce aerobic capacity and endurance performance, 
given appropriate dietary exposure. 
 
Whilst a change in fat oxidation through dietary manipulation has become apparent 
in this thesis, these potential implications depend on the amount of change in fat 
oxidation to see an effect.  There are two potential benefits of increased fat oxidation; 
exercise performance and health outcomes. 
 
Habitual diet, fuel oxidation and performance 
There is no evidence for low carbohydrate diets as an ergogenic aid for performance 
in this thesis, however, multiple shortcomings and potential confounders have been 
identified in research investigating this issue.  Further research needs to utilise long-
term intervention studies to investigate the effect of very low carbohydrate diets 
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(<20% total energy intake) on endurance activities conducted at submaximal exercise 
levels.  The systematic review demonstrated the potential additive effect of both 
aerobic capacity and carbohydrate restriction on large changes in maximal fat 
oxidation and changes in fat oxidation due to diet are both more common and 
prominent at submaximal intensities.  Studies have demonstrated that elite athletes 
are voluntarily consuming very low carbohydrate diets and therefore will make large 
changes to diets for a possible small increase in performance capacity. 
 
Habitual diet, fuel oxidation and health 
 
The exact effect of increasing fat oxidation on metabolic health is outside the scope 
of this thesis.  However, studies previously mentioned demonstrate that some links 
are present between fat oxidation and metabolic health.  The next question would be 
to determine the nature of the relationship and the required magnitude of change for 
health benefits.  This thesis has presented a small change in fat oxidation as a result 
of a large dietary change.  Considering aerobic performance and fat free mass have a 
much larger effect on fat oxidation, it would be more beneficial to alter resistance 
and aerobic training as opposed to dietary training in an attempt to improve 
metabolic health through an increased capacity for fat oxidation. 
 
This study does not present low carbohydrate diets as being a healthier alternative in 
comparison to the current recommended high carbohydrate diet.  However, it has 
been demonstrated that individuals electing to restrict dietary carbohydrate below 
current recommended guidelines have similar health measures to those who have 
dietary carbohydrate levels within recommended ranges.  Therefore, the potential 
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risks previously identified with carbohydrate restriction should be reinvestigated in 
general populations with extreme carbohydrate restricted diets. 
 
Directions for future research 
Further research needs to investigate longer term habitual diet studies, with severe 
carbohydrate restriction.  However, this needs to be coupled with changes in acute 
diet, to articulate the difference between acute and habitual dietary influences of fuel 
oxidation during exercise.  Research investigating relationship between 
health/performance and MFO needs to be investigated further.  When considering 
performance outcomes, exercise testing needs to reflect performance scenarios in real 
life (such as racing, exercising in intervals, etc.)  When investigating health 
outcomes, a variety of diets and disease states need to be included with interventions 
lasting for months. 
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Effect of Habitual Diet on Fuel Utilisation during Exercise 
 
PARTICIPANT INFORMATION STATEMENT 
 
(1) What is this study about? 
 
You are invited to take part in a research study about the effects of habitual diet on fuel utilisation.  This 
aims  to  identify  how  dietary  patterns  influence  the  amount  of  fat  and  carbohydrate  used  during 
endurance exercise. 
 
You have been  invited  to participate  in  this study because you have expressed  interest  in  this study. 
This Participant  Information Statement  tells you about  the  research  study. Knowing what  is  involved 
will help you decide  if you want to take part  in the research. Please read this sheet carefully and ask 
questions about anything that you don’t understand or want to know more about.  
 
Participation in this research study is voluntary.  
 
By giving your consent to take part in this study you are telling us that you: 
 Understand what you have read. 
 Agree to take part in the research study as outlined below. 
 Agree to the use of your personal information as described. 
 
You will be given a copy of this Participant Information Statement to keep. 
 
(2) Who is running the study? 
 
  The study is being carried out by the following researchers: 
 Dr Kieron Rooney, Exercise and Sport Science, University of Sydney 
 Dr Dale Hancock, School of Molecular Biology and Genetics, University of Sydney 
 Mr Tom Gwinn, Exercise and Sport Science, University of Sydney 
 Dr Dick Stevenson, Macquarie University 
 Prof Nuala Byrne, Bond University 
 Dr Kristen MacKenzie, Bond University 
 
Anneliese Reeves  is conducting this study as the basis for the degree of Masters of Applied Science 
(Research)  at  The  University  of  Sydney.  This  will  take  place  under  the  supervision  of  Dr  Kieron 
Rooney, Senior lecturer. 
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This  study  is  being  funded  by  the  Collaborative  Research Network  –  Advancing  Exercise &  Sport 
Science  from  Bond  University,  an  anonymous  donation  to  the  University  of  Sydney’s  ‘Inspired’ 
campaign and the University of Sydney Faculty Funding Scheme. 
 
(3) What will the study involve for me? 
 
This study  involves attending one  laboratory session at the Faculty of Health Sciences, University of 
Sydney, Cumberland Campus, Lidcombe.  You will be required to refrain from eating the morning of 
the test, and refrain from strenuous exercise and alcohol 24 hours prior to testing.  There will also be 
two 24 hour food recall questionnaires conducted in the 4‐6 weeks following testing, conducted via 
phone conversation. 
 
At the session, you will undergo the following tests for analysis of health, fitness and habitual diet. 
 
Body composition: We will measure your height, weight, waist and hip circumference.  We will also 
conduct a Bioelectrical Impedance Analysis to determine body fat percentage. 
 
Blood and urine samples: We will measure your resting heart rate and blood pressure.   We will ask 
you  to provide a urine  sample  two 5mL blood  samples will be collected  from  the arm.   The urine 
sample and one blood sample will be analysed for various blood biomarkers (specific compounds in 
your blood which will be used to determine habitual diet).  The other blood sample will be used for a 
genetic  screening  (CD36  gene,  associated  with  fat  transportation  in  and  out  of  cells)  and  health 
screening.  We will also ask you to provide a fingerpick blood sample to measure blood lipids (the fat 
content in your blood) and ketones (a product of metabolism influenced by fat utilisation). 
 
Habitual diet questionnaires: We will then ask you to complete four dietary questionnaires pertaining 
to habitual diet and a physical activity questionnaire. 
 
Aerobic exercise test: You will then be asked to perform a multi‐stage endurance performance test 
on  a  cycle  ergometer.    The  exercise  test  involves  a  5  minute  warm  up  and  then  three  minute 
increments  of  intensity  until  a  certain  point  dependent  upon  your  exercise  response, where  the 
intervals will increase every two minutes, which will continue until you reach exhaustion.  During the 
exercise test, expired breath will be collected in a breathing tube to be analysed.  Heart rate will be 
measured  throughout  the  test.    At  the  end  of  each  three  minute  stage,  blood  lactate  will  be 
measured via an ear prick blood  sample.   This will occur approximately 2‐4  times during  the  test, 
depending upon fitness. 
 
(4) How much of my time will the study take? 
 
The overall testing at Cumberland should take a maximum of 2.5 hours.   It will be conducted  in the 
morning between 6:30‐11am.  Each 24 food recall will take a maximum of 10‐15 minutes. 
 
(5) Who can take part in the study? 
 
This study is open to anyone between the ages of 18 and 40. 
 
You must have had a relatively consistent diet and maintained a stable weight (current weight +/‐ 3%) 
for  a  minimum  of  the  six  months  preceding  the  test.    This  is  to  allow  for  ‘habitual  diet’  to  be 
accurately measured. 
 
You  are  unable  to  participate  if  you;  are  pregnant,  have  diagnosed  mental  illness,  have  asthma, 
diabetes or  cardiovascular disease, or  are on medication  for  cardiovascular  related  symptoms  (eg. 
hypertension, high  cholesterol), or medication  for  insulin  resistance  (metformin).   Maximal aerobic 
exercise tests are potentially unsafe for anyone falling into the above exclusion categories. 
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(6) Do I have to be in the study? Can I withdraw from the study once I've started? 
 
Being in this study is completely voluntary and you do not have to take part. Your decision whether 
to participate will not affect your current or future relationship with the researchers or anyone else 
at the University of Sydney, Low Carb Down Under, I Quit Sugar Program, Low Carb Downunder, 360 
Nutrition, Bond University or any of the investigators. 
 
If you decide to take part in the study and then change your mind later, you are free to withdraw at 
any  time.  You  can  do  this  by  contacting  Anneliese  Reeves  (email:  aree5635@uni.sydney.edu.au, 
phone: 0405 645 498) or Kieron Rooney (email: kieron.rooney@sydney.edu.au, phone: 9351 9135).  
There are no consequences for withdrawing from this study. 
 
Questionnaires:  Submitting  your  completed  questionnaire  is  an  indication  of  your  consent  to 
participate  in  the  study. You  can withdraw  your  responses  if  you  change  your mind about having 
them included in the study, up to the point that we have analysed and published the results. 
 
If you decide to withdraw from the study, we will not collect any more information from you. Please 
let us know at the time when you withdraw what you would  like us to do with the  information we 
have collected about you up  to  that point.  If you wish your  information will be  removed  from our 
study records and will not be included in the study results, up to the point that we have analysed and 
published the results.  This also includes whether or not you want blood, urine and DNA samples to be 
disposed. 
 
(7) Are there any risks or costs associated with being in the study? 
 
Anthropometry: It  is possible that some degree of psychological distress may be associated with the 
measurement of body weight and mass index parameters. 
 
Blood testing: This can elicit slight pain in the arm.  All attempts will be made to make this as painless 
as possible. 
 
Gene  testing:  We  will  be  screening  your  CD36  genotype  for  a  specific  type  we  have  previously 
associated with changes  in rates of fat oxidation during exercise. This  is not directly associated with 
health  issues  however  some  people  may  feel  distress  if  they  are  identified  to  have  a  genotype 
associated  with  reduced  rates  of  fat  oxidation.  You  will  have  the  right  to  consent  to  how  this 
information is handled for future use. 
 
Aerobic exercise  test: Maximal exercise  testing  is  considered  low  risk  to healthy populations.   This 
study is conducted on a bicycle which is low impact and has a low chance of injury.  Throughout the 
test,  you will be encouraged  to push  yourself, however  you are able  to  terminate  this  test at any 
point.  Towards the higher intensities, you might experience discomfort due to sweating, a high heart 
rate, soreness  in your  legs and general fatigue.   At the conclusion of the test, we will monitor these 
symptoms to ensure they have subsided. 
 
Time: We will try and fit the testing in around your schedule to the best of our ability. 
 
If you experience distress from any of our procedures, then we advise you to contact your usual care 
GP and/or any one of the following free counselling services: 
•  Lifeline Australia: http://www.lifeline.org.au / ph: 13 11 14 
•  NSW Government “Get Healthy Information & Coaching Service 
•  http://www.gethealthynsw.com.au / ph: 1300 806 258 
•  Australian Psychological Society: http://www.psychology.org.au/FindaPsychologist/ 
 
 98 
     
(8) Are there any benefits associated with being in the study? 
 
Testing  your VO2max will  give  you  an  accurate measure of  your  aerobic  fitness.   You will  also be 
measured  for  other  general  health  outcomes,  including  blood  lipids  and  anthropometry.    These 
results will be compiled into a report and sent to you. 
 
This  study  will  help  the  broader  community  by  investigating  the  link  between  diet  and  exercise, 
potentially identifying areas for future diet research and exercise performance research. 
 
(9) What will happen to information about me that is collected during the study? 
 
The  types  of  information  collected  about  you  during  the  study will be  as  follows;  anthropometry 
measurements, genetic  screening, urine and blood biomarkers, dietary and exercise questionnaire 
and fuel utilisation data during exercise.  By providing your consent, you are agreeing to us collecting 
personal information about you for the purposes of this research study. Your information will only be 
used  for  the  purposes  outlined  in  this  Participant  Information  Statement,  unless  you  consent 
otherwise. 
 
Your  information  will  be  stored  securely  and  your  identity/information  will  be  kept  strictly 
confidential, except as  required by  law.   The  results  from  the  study will be published  in Anneliese 
Reeves’ Masters thesis and the research will be submitted for journal publication.  The data may also 
be used for conference presentations.  You will not be individually identifiable in these publications.  
Your  results  from  the study will be emailed  to you  from Anneliese Reeves  if you elect  to be made 
aware of your results. 
 
All hard  copy data will be  stored  securely at  the University of  Sydney.   Electronic data will be on 
password protected  computers.   Tissue  samples will be kept  in  secured  laboratory  freezers.   Only 
researchers will have access to this  information.   Your  information will be kept strictly confidential, 
except as required by law. 
 
These samples and data will be kept for 20 years after the completion of the project. 
 
Optional consent for future use 
 
All participants will be given the option for their data and DNA to be kept in a tissue bank for future 
use.  There is a separate consent form for tissue banking.  By providing your consent you are allowing 
us to keep the information and DNA we collect for this study for potential future use. 
 
Ethical approval  is required before any studies using your data and DNA.   You will be contacted to 
obtain consent before any additional use of your DNA and data. 
 
The future use of stored samples that we intend to implement would be to identify any further genes 
of interest that are related to fat oxidation during exercise.  It is highly unlikely that any information 
gathered  in  future  studies would provide  conclusive evidence  for  concern  regarding health  issues.  
You will have the option of whether or not you would like to be informed of the results of any further 
study. 
 
(10) Can I tell other people about the study? 
 
Yes, you are welcome  to  tell other people about  the  study.   You are welcome  to provide  fliers  to 
friends or family who may be interested in participating. 
 
(11) What if I would like further information about the study? 
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When you have read this information, Anneliese Reeves will be available to discuss it with you further 
and answer any questions you may have.  If you would  like  to know more at any  stage during  the 
study,  please  feel  free  to  contact  Anneliese  Reeves,  student  researcher 
(aree5635@uni.sydney.edu.au)  (+61405  645  498)  or  Dr  Kieron  Rooney 
(kieron.rooney@sydney.edu.au) (+61‐9 351 9135). 
 
(12) Will I be told the results of the study? 
 
You have a right to receive feedback about the overall results of this study. You can tell us that you 
wish to receive feedback by ticking the relevant box on the consent form. This feedback will be in the 
form of a one page summary, via email. You will receive this feedback after the study is finished. 
  
(13) What if I have a complaint or any concerns about the study? 
 
Research  involving  humans  in  Australia  is  reviewed  by  an  independent  group  of  people  called  a 
Human Research Ethics Committee (HREC). The ethical aspects of this study have been approved by 
the HREC of the University of Sydney (2015/597). As part of this process, we have agreed to carry out 
the  study according  to  the National Statement on Ethical Conduct  in Human Research  (2007). This 
statement has been developed to protect people who agree to take part in research studies. 
 
If you are concerned about the way this study is being conducted or you wish to make a complaint to 
someone independent from the study, please contact the university using the details outlined below. 
Please quote the study title and protocol number.  
 
The Manager, Ethics Administration, University of Sydney: 
 Telephone: +61 2 8627 8176 
 Email: ro.humanethics@sydney.edu.au 
 Fax: +61 2 8627 8177 (Facsimile) 
 
 
This information sheet is for you to keep 
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The University of Sydney 
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Web: http://www.sydney.edu.au/
 
Effect of Habitual Diet on Fuel Utilisation during Exercise 
 
PARTICIPANT CONSENT FORM 
 
 
I, ................................................................................... [PRINT NAME], agree to take part in this research study. 
 
In giving my consent I state that: 
 
 I understand the purpose of the study, what I will be asked to do, and any risks/benefits involved.  
 
 I have read the Participant Information Statement and have been able to discuss my involvement in the 
study with the researchers if I wished to do so.  
 
 I understand  that  this  study  involves;  anthropometry measurements  (weight, height, waist  and hip 
measurements and bio‐electric impedance analysis), venous blood collection, providing a urine sample, 
fingerprick blood testing, earprick blood testing, questionnaires and a maximal exercise test. 
 
 I understand that this study involves a separate 24 hour food recall to be conducted in the following six 
weeks of the study. 
 
 The  researchers have answered any questions  that  I had about  the  study and  I am happy with  the 
answers. 
 
 I understand that being in this study is completely voluntary and I do not have to take part. My decision 
whether to be  in the study will not affect my relationship with the researchers or anyone else at the 
University of Sydney, Low Carb Downunder, I Quit Sugar Program, 360 Nutrition, Low Carb Down Under, 
Bond University or any of the investigators now or in the future. 
 
 I understand that I can withdraw from the study at any time. 
 
 I understand that I may stop any of the 24 hour food recalls at any time if I do not wish to continue. I 
also understand that I may refuse to answer any questions I don’t wish to answer. 
 
 I understand that personal information about me that is collected over the course of this project will 
be stored securely and will only be used for purposes that I have agreed to. I understand that 
information about me will only be told to others with my permission, except as required by law. 
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 I understand that the results of this study may be published, and that publications will not contain my 
name or any identifiable information about me. 
I consent to:  
 
 Being contacted about future studies     YES    NO   
 
 Receiving feedback about my personal results   YES    NO     
 
Would you like to receive feedback about the overall results of this study?  
        YES    NO   
 
If you answered YES, please indicate your preferred form of feedback and address: 
 
 Postal:   _______________________________________________________ 
 
  ___________________________________________________ 
 
 Email:  ___________________________________________________ 
 
 
Please indicate your preferred telephone number and times of each day which would be most suitable to be 
contacted for a 24 hour food recall. 
 
Preferred phone: ___________________________________________________ 
 
Monday:   _______________________________________________________ 
 
Tuesday:  ___________________________________________________ 
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Ask the participant to provide a urine sample when possible 
ETHICS 
ESSA    PIS   
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URINE 
Urine collection   
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(kg)       
Height 
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(cm)       
Hip 
(cm)       
SUPINE COLLECTIONS 
BIA  
(Reactance/ 
resistance) 
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EXERCISE TESTING 
Watts (W)  Lactate (mM)  Glucose (mM)  Ketones (mM) 
35 
     
70 
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140 
     
175 
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245 
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5 minute cool down 
Check blood pressure 
 
 
Effect of Habitual Diet on Fuel Utilisation during Exercise
Data Collection Sheet – PID: _  _  _  _  _  _  _  _  _
106 
 
106 
 
24 HOUR FOOD RECALL 
Time  Food and Quantities 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
Effect of Habitual Diet on Fuel Utilisation during Exercise
Data Collection Sheet – PID: _  _  _  _  _  _  _  _  _
107 
 
107 
 
24 HOUR FOOD RECALL 
Time  Food and Quantities 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 
   Page 1 of 18 
!
CRN-AESS	Research	Capacity	Building	Seeding	Grant	Scheme	
Applica on	Form	
 
1. Project Title  
 
How we eat and exercise. An exploratory study of how members of society engage 
with physical activity and how this interacts with habitual diet and physiological 
outcomes of energy expenditure 
 
2. Host Organisation 
 
Sydney University 
 
3. Project Lead (applicant) 
 
Name & Position Position/Role Academic, Senior lecturer 
Title Dr 
First Kieron 
Last Rooney 
Phone +61-2-9351-9135 Email Kieron.rooney@sydney.edu.au 
 
4. Project Collaborators 
 
Name Organisation Contact details (Phone & 
email) 
Prof. Dick Stevenson Macquarie University (02) 9850 8098; 
dick.stevenson@mq.edu.au 
Dr. Dale Hancock Sydney University (02) 9351 1910; 
dale.hancock@sydney.edu.au 
Prof Nuala Byrne Bond University (07) 5525 2279; 
nbyrne@bond.edu.au 
Mr Tom Gwinn Sydney University (02) 9351 9569; 
tom.gwinn@sydney.edu.au 
Ms Anneliese Reeves Sydney University (02) 9351 9403; 
aree5635@uni.sydney.edu.au  
Assoc. Prof Vernon Coffey Bond University  vcoffey@bond.edu.au 
Dr. Kristen MacKenzie Bond University (07) 5595 1018 
kmackenz@bond.edu.au 
 
 
5.  Project Description Overview (100 words or less) 
 
This project seeks to investigate the interaction between habitual diet and fuel 
utilisation during exercise. Specifically, we will examine if there is an association 
between carbohydrate intake and changes in maximal rates of fat oxidation. Within 
this question however is a deeper exploration of how to best describe habitual diet 
within the community context and what, if any, interactions there are between the 
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choices individuals make in regarding diet and exercise engagement. Using both 
qualitative and quantitative methodologies we will gain insights that will improve 
translation of exercise science research into public health policy and social practice.  
 
6.    How will this project contribute to the aims of the CRN-Advancing Exercise and Sports 
Science? 
  (100 words or less) 
 
This project engages early- mid- and established researchers from 3 Universities and 
disciplines of Psychology, Physiology and Genetics to explore a central tenet to exercise 
and sport science – Energy balance. This collaborative project will build capacity 
through development and communication of novel research methodologies and 
analyses that will advance the current paradigms in which nutrition and exercise 
science is conceptualised on simple analyses of macronutrients consumed and 
kilojoules burned, to paradigms in which the real-world context of individuals is 
overlayed. Outcomes will present novel translational exercise science practice relevant 
to national health priority areas and provide additional research funding opportunities. 
 
 
 
7.   Project Duration 
 
Proposed 
commencement date 
March 2015 Proposed completion 
date 
July 2016 
 
 
 
 
8.      Total Requested Funds  
(include here only the funding requested from CRN-AESS. Funding requested of other bodies should be detailed in Section 9) 
 
$32 018 
 
 
 
 
   
9.  Have you applied for, or are you currently receiving, funding from other organisations or 
groups in relation to this project? 
 
Yes, CI Rooney has received a $4000 private donation within the Sydney University 
“Inspired” campaign towards this work. This $4000 is pre-committed to budget items 
as outlined below in section 14. 
 
 
 
10.   Outline the research proposal by providing the following details: 
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(a) Rationale to research proposal 
 
The primary focus of this research study will be the role of habitual diet as a 
determinant of macronutrient contributions to total energy demand during 
continuous, sub-maximal exercise. A secondary focus of this research is an 
understanding of the context in which members of the community engage with 
specific physical activity and dietary practices for the purposes of informing future 
study designs that may provide for enhanced translation of exercise science research 
into social physical activity practice. 
Why do we want to investigate habitual diet and fuel partitioning during exercise? 
Obesity is commonly regarded as a consequence of energy imbalance between diet 
(energy intake) and activity (energy expenditure). As such health promotion often 
targets individuals encouraging them to consume less or expend more. However, this 
simple approach to energy balance betrays the importance and specific metabolic 
impact of individual macronutrient fuels (carbohydrates, fats and proteins) on the 
regulation of energy balance (storage versus utilisation). Furthermore, it neglects the 
potential variance (or metabolic flexibility) specific fuel partitioning plays to meet 
energy demands during exercise. For example, the relationship between intensity 
and relative proportions of macronutrient oxidation that contribute to total energy 
demand and how this may change with individual lifestyle factors. 
 
While there is much research that attempts to generalise the rates of fuel utilisation 
of carbohydrates and fats relative to intensity of exercise, there is a growing body of 
evidence that identifies specific individual variance during exercise. Fuel utilisation of 
an individual has been shown to be influenced by lifestyle parameters such as the 
habitual diet of the participant (Coyle etal 2001; Achten & Jeukendrup, 2004), 
whether the exercise was completed in a fed or fasted state (Bergman & Brooks, 
1999), and the training status of the individual (Holloszy and Coyle 1984; Jeukendrup 
etal 1997; Bergman & Brooks, 1999).  Additional parameters suggested to influence 
fuel utilisation rates include time of day of exercise, body composition, sex and 
genetics (Goedecke et al., 2000). 
A challenge for the current literature base is that much of the knowledge of the role 
diet may play on limiting rates of fat and/or carbohydrate oxidation have been 
obtained from short time frame dietary interventions (days to weeks prior to 
testing). An example of which is the repeat measures dietary intervention study of 
Phinney et al (1983). In that study, 5 highly trained cyclists performed an incremental 
maximal VO2test and an endurance cycling test at baseline and following a four week 
“habituation” period to a very low carbohydrate high fat, isocaloric diet. 
Carbohydrate oxidation reported at baseline was as high as 15.1mg/kg/min and 
significantly reduced to 5.1mg/kg/min following 4 weeks dietary intervention. A 
result supported and discussed in a subsequent review of increased fat oxidation 
with adaptation to a high fat diet (Helge etal (2002)). 
Within such a study design however, individual compliance and monitoring is of 
major concern if comprehensive resources are not available to ensure continual 
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participant engagement. We are curious then, if such changes in fuel utilisation that 
follow dietary intervention studies are apparent at the population level between 
communities that engage by choice in long-term diets of variable macronutrient 
contributions. For example, individuals that prescribe to carbohydrate restrictive 
diets compared to standard Australian diets in their free-living environment.  
We are interested also, in the context in which members of the community engage 
with specific physical activity and dietary practices for two reasons 
Principally, to improve methods by which nutrition and exercise science researchers 
collect personal history data. And secondly, to identify common themes that act as 
barriers and facilitators to managing individual energy balance in the community. 
A significant challenge in any study that seeks to characterise free-living human 
dietary intake and energy expenditure is a high degree of inaccuracy in the tools for 
these assessments such as quantitative questionnaires. We have experienced this 
first hand in a recently completed observational study involving CI Rooney and CI 
Stevenson. Data from that study was presented at the 2014 Annual Scientific 
Meeting of the Australian and New Zealand Obesity Society. In brief, Sydney 
residents that enrolled in the Sarah Wilson I Quit Sugar, 8 – week online program 
were invited to visit our research laboratories for assessment of health and 
behaviour outcomes prior to and following completion of the program. The program 
provided intensive support including meal plans, recipes and online discussion 
forums for participants. A common reported theme from interviews with 
participants was the competitive priorities of gym participation and home cooking. 
Participants prior to the program prioritised gym time above cooking time. However 
at the completion of the program participants had reduced gym time, to focus on 
home cooking. This behaviour change was accompanied with reductions in body 
weight, waist circumference and blood triglycerides. Factors that would infer 
improved cardiovascular disease risk from positive dietary change despite negative 
physical activity change. 
The current project aims to explore these behavioural lifestyle choices in regard to 
energy balance in a wider community base, and investigate how they may relate to 
assessments of metabolic health such as anthropometry, blood lipids and physical 
fitness. This project, will [1] employ a quantitative phase in which these assessments 
of metabolic health, fuel utilisation during exercise and dietary intake data will be 
assessed, and [2] a qualitative phase in which participant lifestyle behaviours in 
regard to diet and physical activity engagement in real-world context will be 
examined.  
Through the fusion of qualitative and quantitative methods this cross disciplinary 
project bringing together psychology, physiology and genetics will increase our 
understanding of the limitations of translating research into real-world situations in 
regard to energy balance. This is of immediate significance given the current 
population rates of obesity and associated metabolic disease. 
 
(b) Objectives of research proposal  
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This project, will [1] employ a quantitative phase in which assessments of metabolic 
health, fuel utilisation during exercise and dietary intake data will be collected, and 
[2] a qualitative phase in which participant lifestyle behaviours in regard to diet and 
physical activity engagement in real-world context will be examined. We then seek 
to explore interactions between these factors in aid of informing translational 
research in exercise science, pertaining to energy homeostasis 
In brief, the objectives of this study are: 
 Recruit participants (approx. 110 - 150), with a wide range of habitual diet 
types  
 Identify habitual diet using conventional dietary record methodology and 
semi-structured qualitative interviews 
 Identify habitual physical activity practices using mixed conventional 
questionnaires and semi-structured qualitative interviews 
 Screen participants for indicators of metabolic health (anthropometry, blood 
lipids, physical fitness and fuel utilisation* during exercise) 
 Investigate associations between habitual diet and indicators of metabolic 
health  
 Identify key themes pertaining to how members of the community prioritise 
physical activity and diet practices in their personal real-world context 
*The aspects of fuel utilisation investigated will be peak fat and carbohydrate 
oxidation (g.min-1) and relative macronutrient contribution to total energy demand 
(%). Major determinants already identified to be associated with rates of fuel 
utilisation are: genetics, training status, age, and sex. These then will also be 
investigated for co-factor analysis in addition to the primary outcome of habitual 
diet.  
A commonly cited study on determinants of fat oxidation is that of Venables et al 
(2005). In that cross-sectional study, 300 participants (across both sexes) performed 
an incremental maximal VO2 test.  Mean peak fat oxidation was measured to occur 
at approximately 48%VO2max and was at an approximate rate of 0.48 g.min
-1. As 
exercise intensity increased the relative contribution of fat oxidation reduced as that 
of carbohydrates increased to meet the increased energy demand. The analysis of 
Venables et al reported that only fat free mass; self reported physical activity; 
VO2max; sex and fat mass were significant predictors of maximal fat oxidation. A 
major limitation of this landmark study however was that no measure of participant 
habitual diet was reported. 
We therefore aim, to replicate the cross-sectional observational study design of 
Venables with some slight modifications to test our hypothesis (stated below).  
Venables recruited 300 participants through random selection and stratified 
individuals on the basis of simple anthropometry, self reported physical activity and 
sex. We will include long-term habitual diet as our primary co-factor. To enhance our 
likelihood of recruiting a wide range of diet types, investigators will utilise popular 
social media bloggers for advertisement with whom relationships have already been 
established. 
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We will also collect qualitative outcomes regarding the behaviours of our 
participants in regard to diet and exercise engagement in aid of identifying important 
factors that may generate further hypotheses for testing that inform limitations to 
translating energy homeostasis research into energy balance practice. 
 
(c) Primary research questions/hypotheses to be investigated  
 
We hypothesise that individuals consuming a habitually lower carbohydrate diet 
exhibit elevated rates of fat oxidation during exercise compared to individuals 
habitually consuming moderate or high carbohydrate diets. 
Our Primary aim is to investigate peak rates of fat oxidation across a wide section of 
the Sydney community. Our analysis will seek to investigate differences within this 
population based on habitual diet with commonly investigated parameters of age, 
sex and physical fitness as co-factors.  
 
 
(d) Secondary/tertiary research questions/hypotheses to be investigated  
 
A secondary analysis will include DNA analysis of genes of interest related to fuel 
utilisation. For example, CD36, which researchers within this team have recently 
observed to influence rates of peak fat oxidation. 
Further, relative percentage contributions to total energy demand during exercise 
from carbohydrates and fats will be investigated relative to macronutrient intake to 
investigate the potential for habitual diet to influence fuel partitioning during 
exercise. 
Qualitative interviews will seek to identify common themes from the responses 
provided to the semi-structured interview questions, surrounding key factors driving 
engagement with exercise (of any type) and dietary types (for example engaged 
individuals with a specific diet philosophy compared to pedestrian dieters that eat 
without much consideration for diet type). Thereby providing insight to the priorities 
upon which members of the community place on diet versus activity 
A particular challenge for dietary studies is confidently determining habitual diet. 
This study will employ 4 specific methodologies already utilised within mainstream 
literature and will therefore provide for validation of methodologies and potential 
identification of strengths and limitations relative to capturing community based 
data. 
 
 
(e) Proposal in detail including project design and research methodology(s)  
 
This is a cross-sectional study in two parts. Participants will be invited to attend a 
single visit to either the Exercise Physiology laboratories of the Discipline of Exercise 
and Sport Science, Cumberland Campus, Sydney University or the Clinical Research 
Facility of the Charles Perkins Centre, Camperdown Campus, Sydney University. 
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Participants will attend this session in a fasted state having abstained from breakfast. 
 
The visit will last approximately 2.5 hours and include an initial face-face interview 
for qualitative assessment of lifestyle behaviours pertaining to exercise and diet 
(approx. 1.25 hrs) followed immediately by some basic anthropometry and exercise 
testing for quantitative assessment of health, physical fitness and maximal rates of 
fat oxidation (approx. 1.25 hrs.). The study design is described here in chronological 
order as the participants will experience on the testing day. 
 
Part 1: Qualitative assessment of lifestyle behaviours pertaining to exercise and diet 
 
The purpose of this interview is to gain an understanding of the context in which 
participants engage with their habitual diet and usual physical activity. 
 
The interviews will be designed to identify key factors that influence participant 
choices to “how” they commonly eat and exercise. Specifically we define “how” to 
encompass, what an individual eats/performs as exercise, when an individual 
eats/exercises and why an individual chooses to eat/exercise when they do.  
 
The interview will begin with common, structured nutritional surveys aimed at 
establishing a habitual diet phenotype. These will be (The Pennington State Three 
Factor Eating Questionnaire and Food Craving Index (TFEQ and FCI); the Macquarie 
University Dietary Fat and Sugar Survey (DFSS) and a multiple pass 24hr Food Recall 
(as per the methodology implemented in the 2011-2012 NNPAS 4364.0.55.001 
Australian health Survey Users Guide 2011-2013). The 24 hr food recall will be 
repeated on 2 random occasions (by phone) in the 4-6 week period subsequent to 
interview. 
 
Following dietary questionnaires, physical activity and engagement with exercise will 
be assessed using the structured “Australian Institute of Health and Welfare (AIHW) 
2003, Active Australia Survey” as described in the 2011-2012 NNPAS and NHS as well 
as through semi-structured questions based around the Baecke questionnaire for 
assessment of physical activity. 
 
Our prior experience with these questionnaires is that they can be somewhat rigid 
and while useful in obtaining a generalised overview of macronutrient intakes of 
individuals and some indication of types of foods consumed, they do not readily 
capture the temporal interactions between the behaviours that may have subtle yet 
significant effects on physiological outcomes. As such the formal interviews will 
conclude with a third, semi-structured phase in which the identification of such 
interactions are the objective. For example, during completion of the 24hr food 
recall, the participants will be asked to provide a perceived rating of hunger and 
satiety on waking, prior to and following the largest meal of the day and immediately 
prior to sleeping. Participants will also be asked to identify the most likely factors (if 
any) that influence their eating choices (For example if they follow a specific food 
philosophy such as “Paleo”; “Clean Eating”; 5:2 etc) and the predominant source 
from which they seek nutrition advice. In regard to activity, this phase of the 
interview will focus on time of day, types of activity engaged (team sports; individual 
pursuits; group classes etc.) and factors that determine the regularity of activity 
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engagement and the likely factors that influence their prioritising of activity in their 
daily schedule. Finally, participants’ attitudes to “energy balance” will be probed 
through questioning of their dietary activities and any conscious changes that are 
made on individual days on account of engaging in physical activity or vice versa. 
 
The primary outcome of this qualitative phase is a habitual diet and physical activity 
phenotype defined by usual macronutrient intake and activity score respectively. 
Secondary analyses will seek to identify common themes from the responses 
provided to the semi-structured interview questions, surrounding key factors driving 
engagement with exercise (of any type) and dietary types (for example engaged 
individuals with a specific diet philosophy compared to pedestrian dieters that eat 
without much consideration for diet type).  
 
Part 2: Quantitative assessment of health, physical fitness and fuel utilisation during 
continuous sub-maximal exercise 
 
Following the interviews participants will undergo basic anthropometry including 
Height; Weight; Waist circumference; Hip Circumference and body composition by 
(at least – 4-terminal Bioelectrical Impedance Analysis – or if further funding is 
achieved, whole body DEXA). Modifiable CVD risk factors will be assessed with 
resting heart rate and blood pressure measured. Venous blood and urine samples 
will also be collected. One 5 mL venous blood sample will be collected for the 
isolation of DNA and assessment of genes associated with adherence and 
engagement to exercise (Herring etal 2014) and genes we have previously identified 
to be associated with rates of fat oxidation during exercise such as CD36 
(Jayewardene etal 2014). Plasma samples will be assessed for blood lipid profile (HDL 
Cholesterol, LDL Cholesterol, Triglycerides); Glucose; Insulin and HbA1c. An 
additional 5 ml Blood sample and 24 hr urine sample will be collected and stored for 
assessment of dietary intake biomarkers such as palmitoleic acid (blood) and 
glucose/fructose (urine) for carbohydrates and sugars; b-carotenoids (blood) for fruit 
and vegetables; and nitrogen and creatinine (urine) for protein intake. As further 
funding becomes available. 
 
Following the administration of questionnaires, anthropometry assessments and 
blood collection, participants will complete a multistage incremental exercise test to 
exhaustion. This test will be conducted on a cycle ergometer to determine VO2max 
as well as fuel utilisation rates as per the study design of Achten et al 2002. During 
the ergometer test, blood will be collected from an earlobe prick for immediate, 
point of care assessment of blood glucose and lactate at the completion of each 
submaximal stage. 
 
Primary analyses for the quantitative tests will seek to identify differences in peak 
rates of fat oxidation within a wide cross section of the Sydney community stratified 
by habitual diet, with commonly investigated parameters of age, sex and physical 
fitness as co-factors. Secondary analyses will include SNP genotype of genes 
previously identified to be associated with maximal rates of fat oxidation such as 
CD36. 
 
(f) Power analyses to support sample size proposed  
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The primary outcome for this study is maximal fat oxidation rate. We have chosen 
this as our primary outcome over maximal carbohydrate oxidation rate as maximal 
fat oxidation is more consistently measured during an exercise test. Fat oxidation 
tends to decrease with increasing intensity. Carbohydrate oxidation on the other 
hand tends to increase exponentially as exercise intensity increases. Therefore the 
maximal rate of carbohydrate oxidation recorded is dependent on the maximal 
amount of work achieved and hence open to bias in individuals not accustomed to 
maximal levels of exercise. 
 
Dr. Rooney in collaboration with Dr Hancock and Mr Gwinn, have for the past 5 years 
recruited members of the Sydney University student population to complete tests 
similar to that which we will employ for this study. Further, it is likely that a similar 
student population group will contribute to a large proportion of the population 
recruited in this study. They therefore represent an appropriate population upon 
which to base our power calculations. We unfortunately do not have data specific to 
habitual diet and changing rates of fat oxidation. However Dr. Rooney’s group have 
recently published a significant effect of CD36 genotype on maximal fat oxidation 
(Jayewardene etal 2014). In that sample size of 22 individuals grouped by genotype 
peak fat oxidation rate was measured at 0.41g/min (±0.13) in CC individuals versus 
0.20g/min (±0.26) in TT individuals for an effect size of 0.97. This reported difference 
between groups in maximal fat oxidation rate is conservative to that which we would 
expect for habitual diet, however acts as a useful surrogate in this instance, on the 
basis that we will recruit a similar cohort and employ a similar methodology for 
assessment of fat oxidation rate. 
 
We have therefore employed a conservative analysis and set an effect size of 0.97, 
with alpha set at 0.05 and power at 0.95. Using G*Power 3.1.9.2 we have calculated 
a total sample size of 48 participants across two independent groups of 24 in each 
group. If we account for an approximate drop out from phone screen to testing of 
15% (approximate no-show rate for recently completed and currently active studies) 
then we will aim to recruit 28 participants for each group (56 participants in total). 
Where “group” represents two independent groups that may be stratified from 
within a larger cohort, on the basis of habitual diet.  
 
It is however difficult to identify what the variable macronutrient intakes for the 
population may be. That is to say we can not predict that the first 56 participants we 
recruit will provide a variable enough range of macronutrient intakes to provide for 
our primary analysis. Past experience (CI Stevenson) with the DFSS in a first year 
cohort of 651 Macquarie University students indicates that atleast 4 participants are 
required to obtain 2 usable data points of differing diet type. This would mean a 
requirement to recruit 112 participants to obtain 56 participants of variable enough 
range of macronutrient intakes. 
 
The aim then is to recruit 112 participants at which point we will complete a 
preliminary analysis of diet records only. If we can identify two independent groups 
of atleast 24 participants on the basis of dietary carbohydrate intake, a complete 
analysis of all datasets collected will be completed. If however we can not, an 
analysis of sample size required to do so, will be completed and recruitment 
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continued.  
 
Once recruitment has been completed. An additional and more powerful 
correlational analysis will be completed. In this instance all datasets of all diet types 
will be utilised for regression analysis of specific macronutrient intake versus peak 
fat oxidation rate. 
 
Recruitment will be open to any members of the community willing to complete a 
maximal test to exhaustion for the analysis of fuel utilisation as well as basic 
anthropometry assessments; blood collection (5mL); and completion of dietary and 
lifestyle questionnaires. Participants must have been consuming a relatively 
consistent diet and maintained a stable weight (current weight +/- 3%) for a 
minimum of 6 months preceding testing. Recruitment will be open to all sexes and 
the age range will be open to 18-40 years of age. 
 
Participants that are pregnant, have diagnosed mental illness, asthma diabetes or 
cardiovascular disease will be excluded. Furthermore, participants currently on 
medication for cardiovascular related symptoms (e.g. hypertension, high cholesterol) 
or insulin resistance (metformin) will be excluded. 
 
 
(g) Outline key milestones of the project with target dates (events or end of stage that signify 
completion of different stages of the project, submission of papers, or otherwise indicate 
that project is on track).  
Note: provide as a Gantt chart if you prefer 
 
Year 2015 2016 
Month J F M A M J J A S O N D J F M A M J J A 
Task                                         
Ethics 
clearance for 
main study 
and 
qualitative 
study  
    X X X                               
Data 
Collection  
        X X X X X X X     X X X         
Data 
Analysis  
                X X X X   X X X         
Idenitification 
of funding 
sources for 
follow up 
intervention 
studies  
              X X X X                   
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Annual 
Leave 
                      X X               
Preparation 
and 
Submission 
of 
manuscript 
for 
publication 
                                X X X   
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11.  List the research groups nationally and internationally most recognised in the field who 
are undertaking very similar research 
 
 
Other than those listed here as part of this team: 
John Hawley (Australia) 
Asker Jeukendrup (Current – Visiting Professor Loughborough University United 
Kingdom) 
Jeff Volek (United States of America) 
 
 
 
12.  Describe the extent to which this proposed research is novel (i.e. how does this work 
differ from, and add to, existing knowledge?)  
 
This project is novel because of its multi-disciplinary and mixed methodological 
approach to investigating a fundamental pillar of exercise science. That being, the 
effect of habitual diet on fuel partitioning during exercise. A comprehensive 
understanding of this affect is currently lacking yet is vitally important for truly 
understanding the role off energy homeostasis in metabolic disease. 
 
A key limitation to any work that seeks to investigate the role of diet and fuel use 
during exercise, is confidence in accurately measuring habitual diet. The inaccuracy 
in the tools available for such endeavours are often discussed and more recently 
described as near to useless (Dhurandhar etal 2014).  
In this project we will use multiple methods to identify dietary types including 
qualitative methods that seek to better understand the context in which 
conventional methods capture dietary intakes. As such, not only will the current 
study design provide data for validation of the multiple techniques between each 
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other, together it is possible that they provide an alternative approach to 
categorising individual participants. Identification will not be simply on 
macronutrient contributions to energy intake, but on approaches to eating 
behaviour as well. Of particular note is the opportunity to collect blood and urine 
samples for further analysis of quantitative biomarkers that will provide the 
opportunity for further validation of the questionnaire data in the future. 
In addition to dietary habits, this project will collect qualitative data on the physical 
activity behaviours of participants. Again through a mixed methodological approach 
we will be able to form a picture of our participants not just in the rigid form 
provided by conventional questionnaires, but in the context of their daily living, 
coupled with their eating behaviours. 
Thus, while previous literature in this field commonly utilises diet history and 
physical activity monitoring to provide a quantitative outcome, our work will 
elucidate themes in how our participants eat and exercise. This work provides a 
platform upon which to advance the current paradigms in which nutrition and 
exercise science is conceptualised on simple analyses of macronutrients consumed 
and kilojoules burned to paradigms in which the real world context of individuals is 
overlayed. 
 
 
 
13. Provide details of previous research your team has undertaken in this area, including any 
relevant publications 
 
This project brings together experts in the disciplines of Physiology, Psychology and 
Genetics in a cross-disciplinary team with a proven track record of not only driving 
research agendas in their own individual disciplines but also as collaborators on 
specific projects together. 
 
For the past 10 years Dr. Rooney has lead research teams investigating fuel 
utilisation during exercise following diet and exercise training interventions (Reardon 
et al 2006) as well as in cross sectional genotype analysis (Jayewardene etal 2014). 
This latter study completed in collaboration with Dr. Hancock and Mr. Gwinn. That 
collaboration developed around one Masters of Nutrition and Dietetics student 
(Stuart Beard, 2008) and one Honours student (Avindra Jayewardene, 2010) turned 
PhD candidate (2011 – 2015). In that time we have developed a research program 
from scratch to one that now readily isolates DNA, collects phenotypic 
characteristics of CVD risk and physical fitness for the purpose of investigating 
interactions between genotype and metabolic flexibility. This thesis will complete in 
2015 with publications investigating short – term (4 weeks) aerobic training 
adaptations and lipid meal tolerance testing in participants characterised by SNP 
variants of the CD36 gene. Prior to 2008, DNA isolations and SNP analysis was not a 
methodology in practice within the Discipline of Exercise and Sport Science. This 
research team has now developed methodologies that at least three other teams 
now use within the Discipline across a wide range of studies. 
 
In 2011, Dr. Rooney collaborated with Professor Iain McGregor in the School of 
Psychology, University of Sydney on a pilot study that investigated the effect of 
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exercise to induce lipolysis mediated THC-re-intoxication in pre-treated rats. This 
work was subsequently published (Wong etal 2014) and led to the development of a 
pilot study in human chronic cannabis users. Dr. Rooney was responsible for 
designing the exercise intervention and training the researchers working within an 
out patient drug and alcohol rehabilitation clinic. We successfully identified an effect 
of exercising at an approximated fat max intensity to significantly elevated plasma 
THC levels in self identified chronic cannabis users (Wong et al 2013). This pilot work 
played a major role in the successful attainment of NHMRC funding in which Dr. 
Rooney is the sole Exercise Scientist within the team (2014-2016 – Lintzeris, 
McGregor, Rooney, Allsop, Arnold $570 000). That grant is to implement an 8-day 
exercise intervention for in patient treatment of cannabis withdrawal. This clinical 
trial is currently running out of Concord Repatriation Hospital, Sydney and we 
believe this is the first of its kind globally. 
 
Dr. Rooney has also played an important support role within larger teams that have 
sought to investigate the role of dietary interventions in managing weight loss and 
health outcomes. Of particular note is continual funding from the Meat and 
Livestock Association, Red Meat & Human Nutrition Research & Development Grants 
since 2005, for a total of approx. $720 000 for a team lead by Chief Investigator Dr. 
Helen O’Connor. While initially this work involved a 12 month dietary intervention 
for weight loss in young overweight women, it is currently a cross sectional 
investigation of the association between obesity, iron metabolism and cognitive 
function in young overweight women. While only a support role within the team as a 
biochemist, Dr Rooney’s involvement in this team has lead to his development and 
understanding of human research protocols following his early training in animal 
basic science work. Multiple papers have arisen from this work completed by 2 PhD 
students – Hayley Griffin and Helen Cheng. Of note to the current application is a 
paper in collaboration with Dr. Hancock, in which we identified an SNP of interest in 
a gene related to regulation of iron metabolism and provided a post-hoc re-analysis 
of the responders to dietary intervention (Cheng et al 2014). This work not only 
provides supporting evidence for members of this teams prior collaborative abilities, 
but also confirms our capacity to complete complex dietary analysis in concert with 
genotype analyses relevant to the current project. 
 
More recently, Dr Rooney and Prof. Stevenson have come to collaborate through a 
common interest in understanding why humans eat, and what the impact of what 
they eat is on their behaviour. Prof Stevenson is a Professor of Psychology at 
Macquarie University with a long standing reputation as an expert in learning, 
chemosensory perception and the acquisition of human food preferences. In 2013, 
Dr. Rooney lead a team with Prof. Stevenson that implemented a pilot study to 
investigate the behavioural and metabolic outcomes of individuals enrolled in the 
Sarah Wilson I Quit Sugar on-line program. This project completed in 2014 and was 
presented at the Annual Scientific Meeting of the Australian and New Zealand 
Obesity Society in 2014 and is currently in preparation for submission as a full 
manuscript. In that project 50 women were recruited and screened within a 6 week 
period prior to, immediately following and 4-5 months following completion of the 
program. Multiple dietary histories were administered (Monash University FFQ; 
Macquarie University DFSS and Pennington State TFEQ and FCI) as well as various 
cognitive tasks and metabolic assessments related to CVD risk. Methodologies that 
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are all incorporated in the current application and familiar to the research team. It 
was insights gained during interviews in that project that has in part conceptualised 
the current application. 
 
In 2014, Prof Stevenson was awarded an ARC Discovery Grant (2015-2018 – 
Stevenson, Boakes, Oaten, Yeomans, $307 000) for exploring the impact of Western-
style diet on the brain. The Macquarie university DFSS which is one of the dietary 
assessment tools we will use in this study was designed and validated by Prof. 
Stevenson (Francis and Stevenson 2013). 
 
This Sydney based team is boosted by the potential to collaborate with Prof. Nuala 
Byrne and her colleagues from Bond University. Prof. Byrne is internationally 
recognised as an expert in experimental and clinical relevant applied research with 
particular expertise in energy metabolism and metabolic parameters associated with 
the assessment of peak fat oxidation. This is evidenced by a series of recent 
publications (Croci etal 2014a and 2014b; Alkahtani etal 2013 as examples) and her 
work as a founding member in the establishment of the “Energy Metabolism Group” 
with Prof. Andrew Hills in the Institute of Health and Biomedical Innovation (IHBI) at 
the Queensland University of Technology. 
 
References: 
 Alkahtani SA, King NA, Hills AP, Byrne NM (2013).  Effect of interval training 
intensity on fat oxidation, blood lactate and the rate of perceived exertion in 
obese men. Singerplus Oct. 17; 2:532. 
 Cheng HL, Hancock DP, Rooney KB, Steinbeck KS, Griffin HJ, O’Connor HT 
(2014). A Candidate gene approach to identifying differential iron responses 
of young overweight women to an energy-restricted haem iron-rich diet. 
European Journal of Clinical Nutrition 68(11): 1250-1252. 
 Croci I, Hickman IJ, Wood RE, Borrani F, Macdonald GA, Byrne NM (2014a). 
Fat oxidation over a range of exercise intensities : fitness versus fatness. Appl. 
Physiol. Nutr. Metab. 39 (12):1352-1359. 
 Croci I, Borrani F, Byrne N, Wod R, Hickman I, Cheneviere X, Malatesta D. 
(2014b).  Reproducibility of Fatmax and fat oxidation rates during exercise in 
recreationally trained males. PLoS One. Jun 2; 9(6): e97930. 
 Francis, H. & Stevenson, R.J. (2013). Validity and test-retest reliability of a 
short dietary questionnaire to assess intake of saturated fat and free sugars: 
a preliminary study. Journal of Human Nutrition and Dietetics, 26, 234-242 
 Griffin HJ, Cheng HL, O’Connor HT, Rooney KB, Petocz P, Steinbeck KS.  
Higher protein diet for weight management in young overweight women: a 
12-month randomized controlled trial. Diabetes Obesity and Metabolism 15: 
572-575 (2013). 
 Jayewardene A, Gwinn T, Hancock DP, Mavros Y, Rooney KB. (2014) The 
associations between polymorphismsin the CD36 gene, fat oxidation and 
cardiovascular disease risk factors in a young adult Asutralian population: A 
pilot study. Obesity Research and Clinical Practice 8 (6): e618-e621 
 Reardon TF, Ruell PA, Fiatarone Singh MA, Thompson CH, Rooney KB. 
Creatine supplementation does not enhance aerobic training adaptations in 
healthy young men and women. European Journal of Applied Physiology, 98: 
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234 - 241 (2006). 
 Rooney K, Attuquayeffio T, Thornley S, Jayewardene A, Boakes R, Stevenson 
R (2014). Monitoring health and dietary behaviour during participation in an 
online lifestyle program. Obesity research & Clinical Practice 8 (Suppl. 1): 89 - 
90. [presented at 2014, Australian and New Zealand Obesity Society ASM] 
 Wong A, Keats K, Rooney K, Hicks C, Allsop D, Jonathan A, McGregor I. 
Fasting and exercise increase plasma cannabinoid levels in THC pre-treated 
rats: an examination of behavioural consequences. Psychopharmacology 231 
(20):3987-3996 (2014). 
 Wong A, Montebello ME, Norberg MM Rooney K, Lintzeris N, Bruno R, Booth 
J, Arnold JC, McGregor IS. Exercise increases plasma THC concentrations in 
regular cannabis users. Drug and Alcohol Dependence 133: 763-767 (2013). 
 
 
14. Detailed budget 
 
Provide a detailed and itemised budget for your project, including all funding sources (if multiple 
sources available) and associated amounts, timing and duration for each budget phase. 
 
 
Provide detail of expected Project expenditure 
Expenditure ($) 
Personnel 
This project is currently a Masters by Research project for Ms Anneliese Reeves 
which commenced on March 2, 2015. This project was originally planned to run 
over a two year period to March 2017 with a recruitment schedule of 3-4 
participants per week. However, to ensure we complete within the designated 
time frame of this funding opportunity we would seek to employ a Research 
Assistant (HEO level 6) to assist with recruitment and data collection during a 
condensed 6 month / 27 week period from June 1st – December 4th as outlined in 
our schedule (section 10g). This person should be adequately skilled in research 
procedures such as ethics, data integrity and management and be able to complete 
the quantitative assessments outlined. Employment of such a person would allow 
for us to recruit and test a minimum of 6 participants per week for the 27 week 
period and therefore capacity for 162 participants. Which should be adequate to 
achieve our target sample size accounting for drop outs / withdrawals etc. 
 
Casual general staff, HEO level 6, step 1. $53.08 / hr (inc. on-costs), for 10 hours 
per week, for 27 weeks (June 1, 2015 – December 4, 2015). 
 
14 331.60 
Minor Equipment & Consumables 
This project will collect venepuncture blood samples for the assessment of CVD risk 
factors including HDL Cholesterol; LDL Cholesterol; and Triglycerides as well as 
indicators of glucose homeostasis and HOMA scores of insulin resistance: glucose, 
Insulin and HbA1c. The samples will be collected on site by the student and RA 
assigned to this study and analysed by SydPath laboratories to ensure quality 
control and comparison to population norms. The initial quote from SydPath was 
$19 360.15 for the study (150 samples). However the Glucose analysis is no longer 
necessary as these will be collected using point of care devices capable of ketone 
17 686.15 
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analysis as well. The cost of the glucose and ketone analysis is covered as part of 
the $4000 already designated to this project from the private donation. 
Award of this grant will allow the comprehensive data collection of CVD and 
Glucose Homeostasis markers and therefore clearly enhance the value of the 
project. As such the request of $17 686 is the difference in the initial quote, minus 
glucose analyses. 
 
 
Other 
This study has already obtained a $4000 cash donation from a private donor as  
part of The Sydney University “Inspired” campaign. This $4000 donation sought to  
ensure the project could be completed in part with the intention of seeking further 
funding for complete analysis. This $4000 has been pre-allocated as such: 
1) Blood Collection apparatus & consumables (needles, SST tubes, gloves etc.): $484 
2) Blood separation / storage of plasma and isolation of DNA: $1550 
3) Blood analysis on site of glucose & ketones using Abbott, Freestyle Optium Point  
Of care devices (purchase of machines and consumables): $725 
4) Urine analysis on site of sugars (glucose/fructose); ketones; and total nitrogen  
(Spectrophotometric kit analysis): $1050 
 
Unallocated funds 
Further funding will be sought for the blood analysis of biomarkers identified to be 
Relevant including Palmitoleic Acid, beta-caratenoids; and these will be assessed as  
Funding becomes available. 
 
 
 
TOTAL EXPENDITURE $32 018 
 
 
 
15. Infrastructure requirements needed to support this project 
 
 
Infrastructure 
Detail 
Laboratory space and/or physical 
space 
List space, usage time per week, is a particular time of day needed? 
 
This project requires access to quiet interview rooms 
Exercise physiology testing laboratories. Testing will be 
Completed in the mornings on most likely 4 days per 
Week. Such space is available in two testing sites for the 
Current project – The Discipline of Exercise and Sport 
Science, Cumberland Campus and The Charles Perkins 
Centre, Camperdown Campus. 
Laboratory and/or other equipment 
List equipment, usage time per week, is 
a particular time of day needed? 
 
The major pieces of equipment this project will require  
Is a bike for exercise testing, indirect calorimeters for  
Breath analysis, interview audio recording devices,  
Standard PC2 laboratory kit for Blood processing, DNA 
Isolations etc. All of which are available at the testing  
Sites identified.  
Administration/technical support staff This project will be completed mainly by Ms Anneliese 
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Identify staff member(s), skillset 
required, time per week, is a particular 
time of the day needed? 
Reeves in completion of her Masters of Applied Science 
Research thesis. We also request the employment of 
An HEO level 6 Research Assistant to assist in participant 
Recruitment and data collection for a 6 month period 
To fit the time constraints of funding.  
Anneliese has a Bachelor of Applied Science (Exercise & 
Sport Science) degree with Biochemistry laboratory 
Training and exercise science testing and prescription 
Experience. The employed RA is expected to have this  
Minimal level of skill. The RA is currently unknown. 
All testing will be completed in the mornings, however 
It is likely that data analysis will be completed in the 
Afternoons following data collection periods. 
Technical staff required for the maintenance of  
Equipment specific to this project are employed by  
The University of Sydney on a full time basis and are 
Available on call to assist with any specific technical 
Issues that may impede completion of the study. 
 
